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In this investigation an effort has been made to determine 
whether the quantity of phenoltetrachlorphthalein excreted 
by the liver following its intravenous administration affords 
an index of the functional capacity of the liver. ‘The specifi- 
city displayed by the liver in the excretion of this dye, which 
is analogous in every way to that exhibited by the kidney 
towards phenolsulphonephthalein, strongly suggests possibili- 
ties in this connection. Quantitative studies of the phthalein 
output in health and in liver diseases (clinical and experi- 
mental) have therefore been undertaken. 


THe Function or THE Liver IN HEALTH. 

The liver plays an important rédle in the general nutrition 
of the body. No anatomical or functional differentiation of 
iver cells exists, all being identical as far as can be de- 
ermined. Three functions of liver cells are definitely 
established: (1) The glyeogenic function, relating to car- 
ohydrate metabolism. This consists of (a) the conversion 
through enzymatic activity of monosaccharides (dextrose, 
levulose and galactose) brought to the liver cells by the blood, 
into glycogen, a polysaccharide closely related to starch; (b) 
the temporary storage of glycogen as such, until (c) the re- 
conversion of glycogen by liver enzymes into dextrose as need 
arises for sugar throughout the body. (2) The formation 


of urea in relation to nitrogenous metabolism through the 
activity of the liver cells. This consists in the conversion of 
certain nitrogenous bodies (NH.., amino acids, ete.) into 
urea, which in turn is carried to the kidneys, where it is 
excreted. (3) The formation of bile, which is in part an 
excretion carrying with it waste material and in part a 
secretion concerned in digestion, playing an important rdle, 
particularly in the absorption of fats. 

Other functions are frequently ascribed to the liver. Their 
connection with it, however, is not so well established and 
they have not played so important a role in the studies of liver 
physiology. In this group must be considered the formation 
of fibrinogen and of antithrombin. Undoubtedly still other 
important functions exist of which at present little or noth- 


ing is known. 


Tue Founcrion or THe Liver In DIsEaseE. 

With the occurrence of disease in the liver, functional 
changes undoubtedly appear. Their character varies greatly 
with the nature of the underlying pathological processes at 
work. They can be associated with, or totally independent of, 
morphological changes, macroscopically or microscopically 
demonstrable. In most of the outspoken diseases of the liver, 
however, recognizable objective anatomical alterations occur, 
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such as enlargement or contraction, changes in consistency, 


ete. They may or may not be associated with evidence of 


portal obstruction, ascites, the development of enlarged col- 


lateral circulatory clrannels or of biliary obstruction—jaun- 
diee, bile in the urine, acholie stools, ete. 
hrough routine nical histories and examinations, with 
a study of the urine and fees, the presence or absence of 
er disease can be readily determined in most cases. intfor- 


mation concerning the severity of the disease and the «extent 


of the involvement of liver funetion is, however, not so 
readily obtained. In certain liver affections symptoms either 
of an obstruetive or toxic nature are ascribed to the liver 
changes. ‘There is not, however, a well-defined symptom 
complex which can be accepted as the picture of hepatie in- 


sufficiency, such as exists, for instance, in relation to diseases 
of other viscera—the kidney, heart, suprarenals and thyroid. 
In other words, the clinieal picture and anatomical changes, 
even when outspoken, do not furnish an accurate conception 
of the functional condition of the liver, nor do they furnish 


] 
rehabie 


riteria concerning the outcome of these functional 
changes. 
| 


In certain other diseases, concerning the etiology and 
physiological pathology of which no accurate knowledge 
exists, the liver is thought to be implicated. Information 


about hepatic function in these conditions is most desirable 


and necessary 
The unsatisfactory character of the information obtained 
through ordinary routine clinical studies is apparent to every 
thoughtful clinician. ‘The desirability of broadening and 
deepening our acquaintance with the functional conditions 
present in disease is indicated by the existence of a large num- 


l 


ber of tests devised and introduced for this purpose. 


Tue IpeaAt Functionat Test 

A perfect conception of the status of liver function in 
disease presupposes an accurate knowledge of all the physio- 
logical functions of the liver in health and in disease. Do 
dissociated injuries to one function or set of functions exist 
without interference with other functions? If so, reliable 
quantitative tests for each set of activities is demanded. Our 
knowledge of liver physiology, however, is inadequate and 
much information, fundamental in nature, is needed before 
such tests can be devised. 

[t is worth while to consider what would constitute an 
ideal single test of total liver function. Is such a test possi- 
ble? What could be justly demanded of it? 

lL. The test should indicate within narrow limits a con- 
stant amount of work performed by all normal livers under 
normal conditions. 

2. It should indicate constant variations in function where 
constant abnormal conditions of either an experimental or 
clinical nature exist. 

3. It should indicate functional alterations independent 
of the histological appearance. 


t. It should afford an indication of the absolute work 


accomplished as well as the relation of this to the normal 
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standard under all conditions; that is, it should indicat 
correctly the degree of functional injury, thus carrying prog 
nostic significance. 

5. Where less than the minimal amount of liver capab! 
of carrying on function is left free from disease or injury 
corresponding lowering of function should be indicated. 

G. Where all liver cells are diffusely involved, lowere: 
function should be indicated, but where certain cells ar 
injured while others take on, through compensatory activity, 
additional function, the total functional capacity alon 
should be indicated. 

It should be applicable with as simple technic as possi 
ble, so as to be available for general use in all forms of liver 
injury. 

8. It should be applicable without injury of any kind 
(local or general) to the patient and without placing the 
liver under any additional strain. 

9. The method itself should be mathematically accurate. 

10. Its results should be easy of interpretation. 

11. Its results should not be subject to influence froin 
involvement of any other organs or systems, except in so 
far as the liver function is secondarily affected; that is, the 


test should be specific for liver changes. 


Tue Tests or Liver FUNCTION. 

Numerous tests have been employed in the effort to de- 
termine the functional capacity of the liver in disease. They 
are mostly based upon the physiological functions of the liver 
and attempt quantitatively or qualitatively to determine its 


capacity along such lines. 


Tue CARBOHYDRATE TESTS. 


The discovery of the glycogenic function of the liver in 


1857 by Claude Bernard immediately stimulated extensive 


work in carbohydrate metabolism by physiologists, patholo- 
gists and clinicians. During the course of a rather heated 
controversy which waged in the German and French litera- 
ture between 1875 and 1900 concerning the relationship of 
the liver to glycosuria after the administration of large 
amounts of carbohydrate, the idea of utilizing the sugars for 
The French school led by 
and Bierens de 


testing hepatic function arose. 
Roger,’ Achard and Castaigne, Baylac’ 
Haen * championed the sugars as tests of liver function, while 
the German school under the leadership of Quincke,* Frerichs, 
von Noorden,’ Kraus and Ludwig,’ Bloch,’ and Miiller, were 
unable to demonstrate any marked or constant reduction in 
sugar tolerance in cases of liver disease. 


a 


In a series of papers in 1898-1900 Strauss*’ established 
the view that the discrepancies in the results of these various 
workers could be explained by differences in the particular 
carbohydrate employed, together with differences in the 
amounts of sugar administered. He demonstrated that 
100 gm. of dextrose in 500 ce. water given on an empty 
stomach gave rise to glycosuria in but two out of 38 cases 
of liver disease, whereas a considerable proportion of all 
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epatopathies showed the presence of sugar in the urine fol- 
wing the administration of the same amount of cane sugar. 
He ascribed the difference to the presence of levulose in the 
une sugar. He concluded that both cane sugar and dextrose 
ere inapplicable, since there existed a mechanism other 
in that in the liver capable of metabolising them. He 

wed his criticism of this work by his levulose test, based 
Sachs,” 


the work of which showed a constant decreased 


rance for levulose in liverless frogs. 


Srrauss’ Levutose Tersr. 
One hundred grams of levulose are administered on an 
pty stomach, and the urine voided during the following four 
rs tested by Trommer’s and Seliwanoff’s tests, by fermen- 
The should 
erate 100 gm. levulose without glycosuria. 
pidly into wide use, the results differing with various 
rkers. <A the health and 


isease, together with the attitude of various workers con- 


individual 
The test came 


and polarization. normal 


ition 


contrast between findings in 


erning the value of the test, is seen in the following table. 


Tue LEVULOSE TEST. 
Normal] livers Abn’rml livers 
Author. Remarks 
Cases. Positive. Cases. Positive 

Strauss**...; 58 6 25 23 Test is of value. 

Ferranini™! : “ 16 15 rest preferable to glucose 
test, which showed only 
10 positive. 

Landsberg" 7 | 21 9 He thinks that normally 
tolerance varies so much 
that test is of no import- 
ance. 

Chajes"*....| 2] 2 a He thinks that positive 

. findings are rare in nor- 
mals. 

v. Halasz™..| 20 l 23 Ss The 8 positive findings were 
in cirrhosis; considers it 
of value. 

Hohlweg's .. ‘ a 30 | 9 Ten cases were chronic pas- 
sive congestion. 

v. Frey™.... oki are 26 14 Considering only those pos- 
itive with more than 0.1 
gm. sugar in urine. 

Churchman" 38 9 12 10 Considers test unsatisfac- 
tory since neither a pos- 
itive nor negative finding 
is conclusive. 

Falk & Saxl" Ave ~s 351 259 Collected from literature. 

Bruining’’ , . - i 30 27 Considered the test of 


value, 


In reading the reports of most of these workers, difficulty 
s experienced in arriving at a conclusion concerning the 
value of the test in individual cases, since detailed clinical 
data and autopsy findings are not given. It appears, how- 
ever, that the test is far from satisfactory and that much 
reliance from either a diagnostic or prognostic standpoint 


annot be placed in its findings. 


Baver’s GALAcTOse TEs. 
In 1906 Bauer™ introduced galactose as a liver test. He 
administered 40 gm. in 400 to 500 ce. of tea on an empty 
stomach and determined quantitatively the amount of sugar 
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present in the urine voided in the next 4 to 5 hours. In 


severe catarrhal jaundice large amounts of galactose appeared 
in the urine, but as the condition improved the amount in 


the urine quickly diminished. The amount recovered was 


vreater in catarrhal jaundice than in jaundice due to other 


causes (gall stones, cancer). He considers it a test of liver 
function in catarrhal jaundice. Bondi and Kénig,” Riess 


and Jehn,” and Hirose ~ confirmed this, believing it to be « f 
importance in this connection. 
The Falk and Hirose * 


shows that the results of the test are very inconstant in dis- 


work of Saxl," v. Frey and 
eases of the liver other than catarrhal jaundice. 

In general, the shortcomings and disadvantages of carbo- 
hydrate tests, as they have been utilized, might be sum- 


marized as follows: (1) The use of arbitrary amounts of 
sugar without consideration of the normal tolerance of the 
individual patient; (2) the difficulty of keeping the patient 
on a carbohydrate free or a carbohydrate constant diet at 
the time of the test; (3) the practical difficulties of adminis- 
tration (nausea, vomiting, diarrhcea); (4) the disregard of 
such complications as portal obstruction, autonomic nervous 
derangement and disturbances of internal secretions influenc- 


ing carbohydrate metabolism.* 


Unga, AMINO Actp, AND AMMONIA NITROGEN. 


Glaessner ~ showed in 1907 that in most instances of liver 
disease an unusually high excretion of amino acid N occurred 
and that the ratio of amino N to total N was also increased. 
Whereas normally he found the amino N constitutes only 
0.2 to 0.4 per cent,7 in pathological conditions of the liver it 
is decidedly higher, e. g., secondary cancer of. the liver 12.4 
to 16.2 per cent, catarrhal jaundice 4.5 per cent, chronic 


alcoholic and fatty liver 6.9 to 8.33 per cent, luetic hepatitis 


1.1 per cent, cirrhosis 3 
Falk and Hesky = 


to 13.4 per cent and in phosphorus 
showed that the urine of 
contained N in 75 
This they attributed to liver injury 


liver 6 per cent. 
pregnant women increased amino acid 
per cent of pregnancies. 
associated with pregnancy. 

Falk and Saxl™ have attempted further to follow the 
peptid N as well, determining both the amino and peptid N 
after feeding various nitrogenous foodstuffs to patients with 
normal and diseased livers. On feeding glycocoll to patients, 
they learned that diseased livers could not convert this amino 


acid into urea, but that it was excreted in part unchanged in 


* Strauss (Deutsche med. Wchnschr., 1903, xxxix, 1780), presents 
further evidence to establish the value of the levulose test, and 
a constant amount of galactose (30 
that the finding of the 


insists upon the adoption of 


gm.) in utilizing Bauer’s test in order 
other tests may be compared. 

+ Henriques * using Sorensen’s formol titration method, states 
that the amino acid N in man on an ordinary mixed diet consti- 
tutes 2 the total N. Van Slyke*™ place 
the normal amino acid content of urine as 1 per cent to 2.8 per 
cent of the total N.j 

+ Kober (J. Am. Chem. Soc., 1913, xxxv, 1567), utilizing his new 
method for determining amino N places the amino N at 2.7 to 3.1 


of the total N. 


per cent of Levene and 
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the urine. The peptid nitrogen they found increased when 
the amino N was high. 

In a second communication these authors divided the liver 
eases into four groups, giving the results as indicated in the 
literature. 

Group I.—Comprising tumors, sarcoma, carcinoma, leu- 
kemia, amyloid disease, and chronic passive congestion. 
Normal amino and urea N values are encountered in sarcoma, 
leukemia, amyloid disease, and chronic passive congestion 
(Stadelmann). In carcinoma the urea N may be reduced 
while the amino N per cent is high. 

Grour I1.—Consisting of various intoxications, e. g.: chlo- 
roform, phosphorus and alcohol; and febrile conditions, such 
as typhoid, scarlet fever, and pneumonia. The febrile dis- 
eases are associated with only slight diminution of urea N, 
while in the other conditions—phosphorus poisoning, for 
instance, the decrease is somewhat greater, 74 to 86 per cent 
(Miinzer), 55 to 85 per cent (Sjéqvist) of the total N in- 
stead of the normal 91 per cent. 

Group IIL (lererus).—In 27 cases of catarrhal jaundice 
and cholelithiasis there was no appreciable reduction of urea 
N which remained 80 to 87 per cent of the total N (von Noor- 
den), 85 per cent (Mérner and Sjéqvist). The amino N is 
occasionally increased 8.1 per cent (Mérner and Sjoqvist), 
1.9 to 9.5 per cent (von Noorden). The amino and peptid 
N is increased 4.5 per cent (Glaessner), 4.6 per cent (Falk 
and Saxl). 

Grove IV (Crrrnosts).—The urea N is slightly de- 
creased. The amino N is invariably increased to more than 
0.5 gm. according to v. Frey. This he considers of tremen- 
dous importance, since only rarely is so high an amino acid 
N output found in other diseases of the liver. The ammonia 
N is also constantly increased. 

There is found in severe liver involvement, therefore, in- 
crease in the amino acid, peptid and NH,N at the expense 
of urea N.* 


URnoBILINOGEN. 


As early as 1892 the presence of urobilinogen in the urine 
was considered as indicative of disease of the liver by v. 
Jaksch.* The test consists simply in the qualitative deter- 
mination of the presence of urobilinogen in the urine. Since 


3h 


demonstration that Ehrlich’s™ p. dimethyl- 


Neubauer’s * 
amino-benzaldehyde test given by the urine in certain dis- 
eases is really a test for urobilinogen, this test is utilized. 
A few crystals of p. dimethyl-amino-benzaldehyd are added 
to a few cubic centimeters of urine, the mixture is shaken, 
and made definitely acid with HCl or acetic acid, whereupon 
an intense red color develops if urobilinogen be present. 
Urobilinogen does not occur in health, the cycle in relation 
to bile pigments being as follows: Bile pigments are con- 
verted in the intestine into urobilinogen, which is absorbed 


carried to the liver, and re-converted into ordinary bile pig- 


* Excellent reviews of this whole subject are given by v. Frey * 
and by Falk and Saxl.* 
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ments. The diseased liver cells having lost, to a greater or 
less extent, the capacity for reconversion, the urobilinogen, 
after absorption, continues to circulate and eventually finds 
its way into the urine. Urobilinogenuria, therefore, indi- 
cates functional incapacity of liver cells. 

Miinzer* states that urobilinogen appears in the urine in 
atrophic cirrhosis; Miinzer and Bloch,” and also Fischer,* 
find that it appears in acute catarrhal jaundice prior to the 
appearance of the icterus, and in acute diseases associated 
with liver involvement (typhoid and pneumonia with acute 
hepatic parenchymatous changes). According to Miinzer, 
urobilinogenuria is not present in pseudo-cirrhosis (Pick’s 
disease), or in chronic passive congestion of the liver, where 
true liver disease is absent. He, therefore, considers the test 
of importance in differentiating between atrophic cirrhosis, 
on the one hand, and chronic passive congestion or pseudo- 
cirrhosis, on the other. Bauer,” however, states that it occurs 
in almost all Ciseases of the liver. 

It is purely a qualitative test for the existence of liver 
disease. It probably has the advantage of specificity, since 
to no other cells has been ascribed the ability to convert 
urobilinogen into the ordinary bile pigments. From their 
own work and from a study of the literature, Falk and Sax! * 
conclude that urobilin excretion occurs in very slight injury 
to the liver, in which it is impossible to detect decreased car- 
bohydrate tolerance or the N partition changes characteristic 
of insufficiency. 


FIBRINOGEN. 


Doyon and Kareff,” and Nolf®” and his school showed that 
the extirpation of the liver was followed by the rapid disap- 
pearance of fibrinogen from the blood. In the report of an 
occasional experiment on animals, Doyon and his co-work- 
ers,” ”“ showed that decreased fibrinogen content occurred 
after chloroform poisoning, and Corin and Ansiaux“ and 
Jacoby that it occurred also after phosphorus poisoning. 

According to Whipple and Hurwitz," fibrinogen normally 
exists in plasma of dogs in amounts varying between 0.2 to 
0.5 gm. per 100 ce. blood. With the occurrence of liver 
injury produced by chloroform poisoning it decreases, falling 
at the time of injury and returning to above normal during 
the repair which rapidly follows. It may be present in such 
small amounts that hamorrhage or hemorrhagic tendency 
results, the clots being too soft to check bleeding. 

In cases of acute hepatic disease (chloroform poisoning) 
in dogs and human beings it may fall to 0.048 to 0.034 gm. 
per 100 ce. blood, in chronic liver cirrhosis (Whipple“) to 
0.05 gm. or even lower. This decrease is not constant. A 
high fibrinogen content may exist in the presence of definite 
liver disease. However, when the content is low it is of 
grave prognostic import. 

The test is made as follows: 25 or 50 ce. of clear plasma 
obtained by centrifugalizing the blood, which has been re- 
ceived into oxalate solution, is heated in a water bath at 











NovVEMBER, 1913. ] 
9° ©. for 20 to 30 minutes. Fibrinogen is thrown out as a 
tite floceculent precipitate, is collected on a Gooch crucible, 
ished with H,O, alcohol and ether, dried and weighed. 


LIPASE. 
[he amount of lipase in the blood has been shown to be 
narkedly increased in certain diseases of the liver (Whipple, 
ason & Peightal).“ They utilized Loevenhart’s “ method 


letermining lipase, which is done according to the follow- 
ng technie: Four tubes are prepared, each containing 1 cc. 

slasma, or serum, diluted with 4 cc. of distilled H,O and 
to this is added 0.3 ce. toluol to prevent bacterial infection. 
lo two of the tubes is added 0.26 cc. of ethyl butyrate, the 
other two serving as controls. After shaking, the tubes are 
stoppered and placed in an incubator at 38° C. for 18 to 24 
hours, then cooled in water and to each is added three drops 
of azolitmin as an indicator. They are then titrated in pairs 
to neutrality, the controls with 1/10 N acid, the other with 
1/10 N alkali. The controls with this indicator show the 
blood alkalinity to be 0.1 ec. of N/10 acid, while the butyrate 
tubes show an acidity of 0.1 to 1.2 ce. of N/10 alkali. The 
lipolytie activity of normal blood or serum expressed in terms 
of N/10 HCl is, therefore, 0.2 to 0.3 ce. 

Experimental injury to the liver resulting from chloro- 
form, phosphorus, hydrazine, etc., always produces an in- 
crease in plasma lipase to from 2 to 8 times the normal. 
\fter chloroform anesthesia of 1 te 2 hours’ duration, in 
dogs the plasma lipase increases to 1 to 2 ce. N/10 acid. 
This increase occurs during the first few hours after anzsthe- 
sia, lasts two to three days, and then slowly decreases as 
repair is established, finally reaching normal again on com- 
plete recovery. If the animal be fatally poisoned, the lipase 
remains high until death on the fourth or fifth day. 

The test has been applied clinically by Whipple in a 
limited number of cases. A case of eclampsia showed a very 
high plasma lipolytic activity and at death showed hemor- 
rhagie portal liver necroses. Pneumonia, peritonitis, leu- 
kemia, and various infections show an increased lipase, at 
times more than double the normal. Early stages of liver 
cirrhosis show a high lipase while late stages may, unless 
complicated with some liver necrosis, show a low lipase. A 
normal content was found in pernicious vomiting, uremia 
with convulsions, in jaundice and obstructive jaundice of 


months’ duration. 


GHEDINI's FerMeNt TEsv. 

Within the current year Ghedini“ has proposed a new 
test which is based upon the presence in the blood serum of 
a ferment which he claims arises in the liver cells and which 
is capable of converting glycogen into maltose, isomaltose, 
and glucose. In short, this must be a test for two blood fer- 
ments, diastase and maltase. Diastase varies tremendously 
in normal sera, consequently, a priori, this in itself would 
vitiate the test. Sufficient evidence has not been presented 
to establish the liver as the sole source of the ferment or 


ferments involved. 
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GENERAL CRITICISM OF FUNCTIONAL TESTS. 

With the exception of the urobilinogen test, none of these 
deal with functions which can be said with certainty to be 
specific of the liver, since the muscles play a large role in 
carbohydrate metabolism, and the kidney, according to recent 
work of Van Slyke,” possibly participates in the conversion 
of amino acids into urea. The results of the tests seem to be 
inconstant, with the possible exception of the urobilinogen 
test, which is positive in most mild diseases of the liver. 
However, it only indicates the existence of liver injury and 
gives no conception of its extent. 

Technical difficulties are encountered in some of the tests. 
The administration of large amounts of carbohydrates leads 
to nausea, vomiting, and diarrhcea, all of which vitiate the 
test. Considerable chemical training and equipment are 
necessary to carry on the work in relation to the nitrogenous 
metabolism, while large quantities of blood (50 cc.) are 
necessary for the fibrinogen studies. 

Since the tests most used clinically have lacked a quanti- 
tative side they have proven of much less value from the 
standpoint of prognosis than similar studies in relation to 
the kidney. They have indicated only the presence of dis- 
ease, but not the extent of involvement. Furthermore, the 
lack of clinical and autopsy data in the various publications 
detracts from their value, since one cannot form conclusions 
concerning the value of the findings in the individual cases. 


PHENOL-TETRACHLOR-PHTHALEIN. 
7 CoHOH 


\O,H,OH 


CCl, 0 


CO 


This compound was first prepared by Orndoff* and 
Black,“ of Cornell University, in 1908. Its pharmacological 
properties were studied by Abel and Rowntree“ in 1909. 
“Tts physical and chemical properties present such similari- 
ties to those of phenolphthalein that one is surprised to 
learn that there are certain well-marked pharmacological 
differences between them. Like phenolphthalein, it is an 
odorless, tasteless, crystalline compound, insoluble in water 
and forming deeply colored hydrolizable salts with alkalies. 
Its ionization constant has not yet been determined, but its 
avidity as an acid cannot be far removed from that of 
phenolphthalein, inasmuch as solutions of its salts (Na or 
K) are promptly decolorized on the addition of serums or 
by contact with animal tissues. In this respect its salts 
differ in no way from those of phenolphthalein. The two 
compounds have, on the whole, a very similar pharmacologi- 
cal action.” 

*It is with great pleasure that we take this opportunity of ex- 
pressing our gratitude to Professor Orndoff for his kind response 
to our repeated requests for the phenol-tetrachlor-phthalein used 
in this and other studies. 
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1 the pharmacologieal studies of Abel and Rowntree * 
learned that phenol-tetrachlor-phthalein itself was non- 


irritant locally, but that solutions of its alkali salts adminis- 


ered subcutaneously act as decided irritants unless they are 
luted since “such salts formed as they are by 

neut ing a ve weak acid with a very strong base are 
rong ly hvdrolvzed In aqueous solution and hence act upon 

the tissues like solutions of caustic soda.” It was further 


experimentation that the tetrachlor body 
that it 


luen e: that it does not affect the coagulability of the blood : 


toxicity : exercises no hemolytie in- 
that, associated with its rapid intravenous injection, there 
occurs a fleeting drop of blood pressure which is followed by 


He. ) 


provided large injections are given; that it poss- 


a slight (15 to 25 mm. lasting 10 to 20 


increase 
minutes, 


esses no bactericidal or antiseptic properties; that it does not 


the rate of flow of either pancreatic juice or bile; 


that it appears in the bile first as a conjugated body and 


free form, that in moderate quantities, following 


L 


s subeutaneous administration in olive oil or its intravenous 


a disodium 


salt, it escapes from the body only 
that 
other secretions being so minute that it can barely be de- 
tected; that 

ntestine and that administered in a dose of 0.4 gm. in olive 


njection as 


in the bile, the amount into the intestines in 


passes 
a small ; is re-absorbed fro the large 
a mai amount 1s re-absorbe¢ trom le large 


oil subeutaneously it exhibits laxative properties. 

Further work showed that clinically the drug administered 
n olive oil displayed definite laxative characteristics, but 
that its low solubility in oil, necessitating a large bulky in- 
jection, stood in the way of its general adoption in this 
onnection 

The effect of formula of 


some of these phthaleins upon their pharmacological be- 


slight changes in the chemical 


havior, especially as to the channel of their excretion, is ex- 


ceedingly interesting. Phenolphthalein given in moderate 
quantities subcutaneously in oil or intravenously as the di- 


The 


replacement of the CO by an SO, group yields phenolsulpho- 


sodium salt is exereted both in the urine and in the bile. 


nephthalein for which the kidney is the chief organ of excre- 


the 


tion, while the substitution of the hydrogen atoms ol 


} 


hthalein radical of phenolphthalein by four chlorine atoms 


es phenol-tetrachlor-phthalein, the excretion of which is 


ecifie to the liver. 
C H,OH __ CoH OH C,H,OH 
( . 
CyHyOH ~ SC sH,0OU C,H,OH 
yan “\ - 
F 


y, . p \ 


H, < % CoHy oO CoC ly ¢ So 
a Fs , 


he specificity displayed by the kidney in the secretion of 
phenolsulphonephthalein together with its tinctoral properties 
which are ideally adapted for quantitative work, led to the 


ntroduction of this body as a renal functional test in which 
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connection it has proven of the greatest value prognostically 
and diagnostically, and from the standpoint of treatment. 


The striking specificity displayed by the liver towards the 
excretion of this dye suggested to one of us (R.) the possi- 
bility of utilizing the drug as a functional liver test, the 
underlying principle involved being identically that con- 
cerned in the phenolsulphonephthalein test of kidney func- 
tion, e. g., the specifie excretion of a dye by a single organ 
and the decreased capacity for its excretion consequent upon 
lowered function resulting from disease. 

With this idea in view the normal quantitative excretion 
was investigated and determined in rabbits to be from 30 
to 45 per cent of the amount injected. The possibility of 
utilizing tetrachlorphthalein as a test for liver function was 
suggested to Dr. G. H. Whipple, who very kindly applied 
the test to a series of dogs suffering from experimental liver 
lesions. These preliminary tests showed a marked decreased 


excretion to exist in disease. A simultaneous clinical and 
experimental study has been carried on, the results of the 
experimental work being reported in this number of the 
Whipple, Peightal and Clark. 


BULLETIN by 


Meruop or PREPARING SoLuTION For INJECTION. 


The preparation injected is an aqueous solution of the 
disodium salt prepared as follows: 


2.5 gm. of phenol-tetrachlor-phthalein are placed in a 


2/N NaOH solution 
This is boiled for 20 


200 ce. Erlenmeyer flask with 5 ce. of 


and 45 ec. of freshly distilled water. 


minutes under a reflux condenser. The solution is filtered 


into a 100 ce. flask, when it is ready for use. This gives 
approximately a 5 per cent solution which is almost isotonic 
with the blood. 

[t will not 


keep for more than a few days since the phthalein is precipi- 


The solution is an intense purplish red color. 


Even when CO, is excluded 
the the alkali 
through union with the silicates of the glass container. In 


tated by CO, from the air. 


some precipitation still occurs from loss of 


the event of only a small amount of precipitate, sterile filtra- 


tion can be carried out and the resulting solution used for 
injection, provided a fresh standard for comparison is pre- 


pared, 


Mernop or ADMINISTRATION. 


\rbitrarily 8 ee. of this solution, approximately 400 mg. 


of tetrachlor-phthalein has been selected. This amount is 
sufficient to give a most intense purplish red color to 20 litres 
of water. Its administration in health is never followed by 
the appearance of the dye in the urine,* and this amount 
insures in health an intense color in the final preparation of 
the feces which is used for the quantitative determination. 

The dye is administered intravenously by gravity with 
antiseptic and aseptic precautions and with the usual intraven- 


ous technic. The funnel and system are filled with freshly 


*In health the dye has been recovered in the urine of a normal 
patient following injection of 0.5 gm. 
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listilled water and after the flow is well established the 
phthalein solution is added. Fifty to 100 cc. of water are 
sed and the phthalein solution is washed in with freshly 
istilled water until the fluid entering the vein is colorless. 
en to 15 minutes are required for its administration. Physi- 
logical salt solution may be preferable to distilled water for 


se in this injection. 


COLLECTION OF MATERIALS FOR STUDY. 

\ctive purgation is instituted prior to administration of 
he dye and throughout the time of observation, usually by 
neans of compound cathartic pills. The stools are collected 
or 48 hours, the urine for 24 hours. In the event of little 
vr no frees being obtained enemata are used, but unless the 
normal amount of dye is recovered, the test must be dis- 
arded, since low findings under these conditions could not 


be ac epted. 


Mernop oF DETERMINING THE AMOUNT OF PHTIALEIN 
IN STOOLS. 

The total 48 hours feces are placed ina 2 L. bottle and 
diluted with water to 1 or 1.5 L. depending on their amount. 
This is placed in a shaking machine for from 5 to 20 minutes. 
Without allowing time for sedimentation 1/10 of the total 
s placed in a 1 L. flask and to this is added 5 cc. of 40 per 
ent NaOH which causes the mixture to take on a dirty red 
color. Dilution is made with water to 1 L. <A stopper is 
nserted and the mixture thoroughly shaken. One hundred 
cubic centimeters of this preparation is placed in a 200 ce. 
flask, 5 ec. of saturated basic lead acetate added, resulting 
in a decolorization of the mixture and the throwing out of 
a heavy lead precipitate which carries down all of the pig- 
ments, leaving a clear colorless supernatant fluid. Five 
cubie centimeters of 40 per cent NaOH are added; this 
again elicits the red phthalein color, but does not redissolve 
the other lead pigment combinations. In certain instances 
5 ee. of NaOH at this point are not sufficient to elicit the 
maximum intensity of red and more should be added until 
the maximum is reached, but not sufficient to free the other 
pigments from their insoluble lead combination. The con- 
tents of the flask are made up to 200 ec., shaken, and a 
small part filtered off, or the solution is allowed to stand 
five minutes, when in many cases a clear red supernatant 
fluid ready for estimation can be decanted off. This solution 
is compared in the Rewntree and Geraghty modification of 
the Autenrieth Koénigsberger colorimeter with a 20 mg. to a 
itre solution of disodium salt of tetrachlor-phthalein (e. ¢., 
0.4 ce. of the original solution to 1 L. plus sufficient NaOH 
to insure maximum color). With these dilutions the amount 
of dye present is indicated directly in per cent. 

When the amount recovered is below normal, it is advisable 
to add 2 to 3 cc. more alkali to the 200 cc. preparation and 
redetermine, thus insuring that the maximum color has 
been elicited. The addition of large quantities of alkalies is 
undesirable, since it sets free the other pigments, rendering 


the solution yellowish red instead of purplish red. 
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Not more than ten minutes are required to carry out the 
test after the faces are removed from the shaker. 

Where difficulty is experienced on account of the quality 
of the color, the following procedure, which may prove of 
some value in certain instances, may be utilized. After the 
addition of about 10 ec. of 40 per cent sodium hydroxide, 
the faces are made up with water to one litre. To 1/10 of 
this is added 5 ce. of sodium hydroxide and water up to one 
litre. Of this 100 ce. is placed in a 200 ec. flask and to it 
is added 
Dilution is made 


5 to 10 cc. or more, of a calcium chloride mixture * 
until the best quality of color is elicited. 
to 200 ec., the mixture is allowed to stand from one-half 
to 24 hours, a small amount of the supernatant fluid is 
filtered off, and read against the standard. 

In our earlier methods an attempt was made simply to 
dilute the feces, filter off and determine the amount present, 
but quantitative determination is usually impossible in this 
way on account of the large amount of coloring matter pres- 
ent in the mixture. Later basic lead acetate was used and 
the precipitate collected on a filter, extracted repeatedly with 
hot alkaline alcohol and the alcohol diluted to the proper 
extent, alkali added and determinations made. ‘This method 
was time consuming, required much alcohol, and the extrac- 
tion of tetrachlor-phthalein was never complete. Finally the 


method presented above was devised. 


AccurRACY OF Mertriop. 


A number of procedures were utilized to determine the 
degree of accuracy of the method and to determine what 
part the personal equation plays in regard to it. 

Is the total dye substance recovered? Accurately meas- 
ured amounts of the original solution of the disodium salt 
were added to the feces, thoroughly mixed by one member 
of our group, and determined by another who was unfamiliar 
with the amount added. In certain instances independent 
readings were made by the entire group. The results are as 


follows: 


TABLE I 
Number Amount added B Amount , covered i 
I rere — )6=—C—“ié«< hn 
If a) —0C(‘éié‘é wd 2 
III 12.54 12 ¢ 12.5¢ 12.54 
IV 9.44 8 4 10 ¢ 10 
V 25 23.54 23 ¢ 22.5% 
VI 18.8¢ 17 ¢ 19 17 


Since only an aliquot portion of the feces is used for the 
determination, the necessity of justifying this procedure 
seemed advisable. This was done as follows: The technic 
was performed on several fractions by one and readings made 
on the final solution by the three members of the group. The 
results in per cent are shown in Table IT. 


* CaCl, 90 gm. 
Cone. NH,OH 10 ce. 
Water 50 cc 
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TABLE IT. 
Numb B R H 
I 16 ¢ 14 @ 16 ¢ 
1 16 ¢ 15 ¢ 17 ¢ 
Itt 17.54 15.5¢ 16 ¢ 
IV 16 ¢ 14 ¢ 15.54% 
V 17 ¢ 14.5¢ 17 ¢ 
VI 16.5¢ 15 ¢ 17 & 
VII 16 ¢ 13.5¢ 15 

From the table it will be seen that differences in reading 
the same solution may occur where various individuals are 
making the readings, R. reading constantly lower than B. 
or I.. the difference, however, never being greater than 2.5 
per eent, 

Simultaneously it is seen that slight differences occur in 
different fractions, as evidenced by III and VII, the latter 
being lower aceording to all three observers. Here again, 
however, the difference is only slight. 

It was also considered advisable to check the readings on 


various fractions at the point where lead acetate is added. 
readings of different 


a serles of 


The following table shows 
fractions: 
Tabie IIT. 
Number R B H 
I 29 ¢ 30 ¢ 29 ¢ 
II 28.54 30 4 28 4 
III 29 & 29.54 28.5% 
IV 28.54 29.5¢ 28 4 
V 28 ¢ 29.54 27 
VI 28.54 29 30 
VII 29.54 29.54 29.5% 


No destruction of the dye occurs after the stools are col- 


that immediate determination is not necessary. 


The following table indicates the stability of the drug. 


le ected. SO 


TABLE IV. 


Second determination 


Patient First determination rime elapsing 

P. 544% 1 week 55 

M 18¢ 1 sa 20 ¢ 
L. 47% 5 : 45 & 
McC 31% 5 sig 33 4 
Ss. , 284% 7 ” 32 & 
G. 33 12 33 & 
B. 26% 15 “ 24.5% 
A. 264 - in 23 % 


No preservatives were used so that decomposition of the dye 
does not apparently result from bacterial infection. Slight dif- 
ferences in the readings can be explained possibly by differences 


in the standards used for comparison, since in the first instance 


each test was made from the standard prepared from the solu- 
tion injected, whereas all of the later readings were made 
against a single freshly prepared solution. 

It is evident, therefore, that the test, though not absolutely 
quantitative, gives reliable results approximately correct, and 
that dependence can ordinarily be placed upon its findings, 
errors of more than 5 per cent being rarely encountered. Dif- 


ficulties may arise at times, as will be seen later. 


HOSPITAL BULLETIN. 





| No. 


ca) 
~? 


UNDESIRABLE FEATURES OF THE TEST. 

The collection of total feces for 48 hours is the most diffi- 
cult part of the technic to control. It certainly constitutes 
an objectionable feature of the test. Simple as it may seem, 
even in the best institutions, except under special provisions, it 
is difficult to find a corps of attendants capable of carrying out 
proper collections. Despite all precautions, in four instances 
some of the feces was lost in collecting. In these cases no 
drug at all, or asmall amount only (at most 10 per cent), was 
recovered, the patients showing neither signs nor symptoms of 
liver involvement. Repetitions within a week in each instance 
revealed a normal, or practically normal excretion. Careful 
questioning of patients and attendants showed in one or two 
instances that losses undoubtedly had occurred. 

In two other cases, both myocardial decompensation, repeti- 
tion of the test within a week showed a tremendous increase 
in the dye output. Hesitation is felt in claiming that the in- 
crease was entirely due to improvement in liver function, al- 
though both cases were in extremis at the time of the first test 
and clinically in fair condition at the time of repetition. Until 
other such cases are encountered where more certainty exists 
in relation to total collection, losses in collection cannot be 
excluded as the cause of the low output in the first instance. 

The collection over 48 hours has a second objectionable 
feature. The excretion of the drug occupies but 12 to 18 hours 
in health, consequently 48-hour collections are apt not to show 
minor grades of injury so well, since the continuous secretion of 
smaller amounts of the dye over longer periods, 24 to 36 to 48 
hours, may bring the total output close to normal. 

The quality of red color obtained in certain instances con- 
This ob- 
jection is minimized by the method now utilized. However, 
with the best technic the color finally obtained may in a consid- 
erable proportion of cases (10-20 per cent) exhibit yellowish 


stitutes the third objectionable feature of the test. 


red or brownish red qualities instead of the purple red desired. 
Such determinations are less accurate, but only in rare in- 
stances does the color constitute a very serious difficulty. 

In myocardial insuificiency with feeble circulation localized 
thrombosis of the veins at the point of injection may occur. 
This has 
Slight local pain together with resistance offered to the pal- 


been encountered in ten instances in this series. 


pating finger was noted. ‘Thrombosis, however, was not en- 
countered except in myocardial insufficiency, marked anemia, 
or where advanced phlebosclerosis was present. The introduc- 
tion of large quantities of fluids is inadvisable in the presence 
of a weak myocardium and consequently in this connection 
great dilution cannot be utilized. 

The fate of the unrecovered portion is unknown. Appar- 
ently, however, no destruction of the drug occurs after its en- 
trance into the intestinal tract, since the amount of drug 
recovered in a dog’s faces corresponds closely to that recovered 
directly from a permanent biliary fistula following the same 
dosage. 

The test is inapplicable where obstruction to the biliary pas- 
sages exists and is, therefore, limited in its application. 
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Name 


(‘)+Slight. 


Name. 


Name. 


JOHNS 


Normal. 


Normal. 


HOPKINS HOSPITAL BULLETIN. 


TABLE 


Diagnosis. 


87296 Convalescent ty phoid. 


87584! Splanchnoptosis 


S7617 
87810 
S7907 
STS09 


SS ] dT 


SO3850 


Orthostatic albuminuria 


Neurasthenia 


Diabetes.. .. 


*Chronic tuberculosis. 


Neurasthenia . 
Convalescent 
Convalescent 


Rheumatic 


pneumonia. ees 
malaria. 


fever convalescent 


Pulmonary tuberculosis. 


Fracture of 


Fracture of 


Gunshot wound . 


Fracture...... 


femur 


femur 


Gonorrheal arthritis... 


(7) +Considerable. 


87326 
86802 
87671 


88038 


87794 


No 


88350 Hypernephroma .. 


88692 
88675 


88825 


Pulmonary tubere 
Pulmonary tuberculosis; pleurisy with effusion... 


Typhoid fever..... 


TABLE VI. 


Diagnosis. 


We 


Acute lobar pneumonia............ 


NORMAL CONTROLS. 


ulosis; pleurisy with effusion...... 


Acute tubercular pleurisy with effusion... 


Acute 


Secondary anaemia; hemorrhoids.. .. 


Pernicious 


rheumatic endocarditis ........ 


FEBRILE CASES. 


TABLE VII. ANAEMIA. 


Diagnosis. 


anaemia........ 


Secondary anaemia.... 


Se NS i. is cae dceenKies Kes 


I NS a nk ccc h tedden nnanes 


6-20 


6-20 


Per 
cent. In 
faeces 


Per 
cent. it 
stool 


45 


Per 
cent. ir 


stool 


20 


Urine 


Urine 





e. 


Remarks 


remperature normal for 1 week, 


week; earlier 22%. 


\febrile 1 


week. 


\febrile | 
\febrile 6 day Ss. 
Afebrile 1 week. 


Afebrile. 


900 me. injected, 


Remarks 


99-102°F, 


99-102°F. for 2} months. 


15th day of fever. 


Fifth day of disease tempera 
ture 104-105°F. 
Continuous fever 104°F. for over 

1 month. 


Temperature 103°F. for 1 month. 
Hb R. B. ¢ 

28 1,600,000 

21 2 680,000 

31 1,700,000 

23 2 700,000 

20 2 300, 000 

22 2 800.000 
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The possibility of utilizing the time required for the dis- 
appearance of the drug from the blood after its administration 
tried in the hope that some of these difficulties may 


ens 


be surmounted. 


Tur ReEsvutts or THE TEST. 


Kighty determinations of liver function have been made in 


67 patients. The series contains normal controls and various 


types of liver injury.* The test was applied in 24 cases in 


which the livers were believed to be normal. The amount of 


lrug excreted varied from 30 to 52 per cent, as will be seen 


art 


in Tables V and VI. In one constipated patient only 24 per 
cent was recovered. 

Cases in Table VI are considered as normal controls, since 
the exeretion is normal with one exception, a case of typhoid 
(third week) in which focal necrosis cannot be excluded. The 
average output in afebrile normal cases was 37.4 per cent, while 
that in the febrile class was 39 per cent. The lower limit of 
normal is, therefore, considered 30 per cent for 48 hours.+ 

Dogs with biliary fistulae furnished some interesting data in 
relation to the rate of normal excretion of the drug. It ap- 
pears in the bile in its free form regularly within 10 to 15 
minutes following the intravenous administration of 100 to 
200 mg. The same time is required in human beings, since, in 
the one case studied after operation, the drug was present in 
the bile after 15 minutes. The largest amount recovered from 


dogs was 55 per cent. The maximum excretion is quickly 


reached, since in one instance 27 per cent was recovered dur- 
ing the first 6 hours. In health excretion is complete within 


16 to 20 hours. 


The dye output is independent of the quantity of the bile 
excreted. Following the injection of the same amount of 
phthalein into the same dog more dye was recevered in 8 ce. 
in one instance than in 80 ce. of bile in another instance. 
This is analogous to the independence between the ameunt of 
sulphonephthalein excreted and the quantity of urine. 

LNFLUENCE OF FEVER. 

Pyrexia per se has no effect upon liver function, as will 
be seen from Table VI. Case Q. T. was an acute febrile con- 
dition with temperature 104° to 105° F. at the time of the 
test, and case A. B., a chronic one, the temperature reaching 
104° F. every day for over a month, yet both showed a normal 


phthalein output. Case I. B. is discussed above. 


INFLUENCE OF ANEMIA. 


In severe grades of secondary anemia a normal, or prac- 


tically normal, output may be encountered, as in cases O. IX. 


and W. 8., Table VII. From these cases it is justifiable to 


* We wish to express our thanks to Dr. Ernst Zueblin of the 
University of Maryland Hospital, to Drs. Boggs and Snowden of 
Bay View Hospital, and to the Med'cal and Surgical staffs of our 
hospital for the opportunity of stucving the clinical material. 

; 48-hour collections are necessary, since in several instances 
an appreciable amount of dye (8 to 10¢) was recovered in the 
second 24 hours, 
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conclude that secondary anwmias of slow development must be 
of an extreme grade before liver function is affected. Experi- 
mental evidence indicates, however, that acutely developing 
severe secondary anzemia does influence the phthalein output, 


as will be seen from the following protocol. 


Female Dog. 18.5 Kg. 
5- 3-13. Excreted 35 per cent tetrachlorphthalein. 
3. Bled 640 ce. The following morning Hb. 64 per cent 
R. B. C., 4,800,000. Injected 200 mg. phthalein. 
5-12-13. Hb. 75 per cent. Phthalein recovered 41 per cent. 
5-13-18. Bled 600 ec.—ether anesthesia. The following morning 
Hb. 48 per cent. R. B. C., 3,840,000. Phthalein injected. 
5-16-13. Hb. 50 per cent. Phthalein recovered 30 per cent. 
5-18-13. Bled 650 ecc.—ether anesthesia. The following morning 
Hb. 42 per cent. 
5-20-13. Hb. 42 per cent. Phthalein recovered 15 per cent.* 
5-26-13. Bled 600 ce. The following morning Hb. 30 per cent. 
R. B. C., 2,400,000. 
-13. Phthalein recovered 13 per cent. 
6-12-13. Phthalein recovered 27 per cent. 
-13. Hb. 90 per cent. R. B. C., 5,586,000. Phthalein injected. 
13. Phthalein recovered 39 per cent. 


second dog responded in the same way, the phthalein de- 


- 


creasing from 50 per cent to 10 per cent, at which time the Hb. 
was 30 per cent and the R. B. C. below 2,000,000. This dog, 
however, had been accidentally inoculated with sarcoma which 
was unexpectedly discovered from microscopical study of the 
liver, the dog dying on the table during the last bleeding. 

There exists a striking analogy in the influence of secondary 
amemia on liver and on kidney function, as will be seen by 
comparing the above protocols with experiments previously 
reported by Rowntree and Geraghty” on the influence of 
anemia on kidney function. 

The two cases of anwmia secondary to gastric carcinoma 
show decreased function. However, metastasis cannot be ex- 
cluded in either instance. In severe phenyl hydrazine anemia 
in dogs Whipple saw but little influence on liver function. In 
the single case of pernicious anemia a decreased output. was 
found. 

From such a limited number of cases no conclusions can 
be drawn except that secondary anemia must be of an ex- 
treme grade before the excretion of the dye is decreased. 
The experimental results suggest the necessity of more ob- 


servation along these lines. 


HrEPATOPATHIES. 


Thirty-seven cases exhibiting signs or symptoms of abnor- 
malities of the liver have been investigated, the series includ- 
ing enlargement dependent upon cardiac disease, cirrhosis, 
carcinoma, ameebic abscess, luetic hepatitis, cholecystitis, and 
enlargement associated with leukemia. A detailed descrip- 
tion of the history and clinical findings of each of these 
cases, together with the phthalein output, is appended. 


Table VIII shows the results of the test in these cases. 


*57 per cent of sulphonephthalein was recovered in two hours. 
This indicates only a slight reduction in kidney function. 




















O6 


Name 
C.. 
ce ae 
R.S 
M. L 
P.G 
C.G 
R.D 
eS 
LF 
SS 
k.G 
- 
rea 
LW 
ee 
S. R. 
ae Fe 
M. 
IN 
D. M 
W.G 
KX. Fischer 
\. Hepburn. 
E.S 
G.D 
M.S 
= 
M. B. 
4: F 
F.R. 
E.P 

J. McC 
i 


EB. T.. 
G.®S. 
8S ae 


(‘) University Hospital. 


87440 


S7515 


S7589 


S7693 


Siaal 


ST747 


SS0038 


SS07 1 


SS8324 


SSSS4 


80247 


89144 


S930] 


S417 


SS8072 


Si 656 
SOTS1 


S7U83 


SS825 
SSS6] 


SO082 


S459 


89593 


TABLE VII. PATHOLOGICAL LIVERS. 


Mvocardial insufliciency; acute endocarditis; tubercu 


lous polvserositis. 


Arteriosclerosis; chronic mild myocardial 


insulliciency. 


nephritis; 


Myocardial insufliciency; arteriosclerosis 


Myocardial insufliciency; mitral insufliciency and ste 


nosis; adherent pericardium. 


Mvyagardial insulfliciency ; aortic and mitral insufficiency. 


Myocardial insufliciency; chronic bronchitis; empliy 


sema; cirrhosis of liver’ 


Myocardial insui.ciency; arteriosclerosis 


Mvocardial insuiliciency: myocarditis; acute endocar 


ditis. 


Mvocardial mitral stenosis and insuf 


ficiency. 


nsulhciency : 


Myocardial insufliciency; mitral insufliciency and ste 


nosis; aortic insuiliciency. 


Myocardial insufficiency; dilated aortic arch; syphilis; 


chronic nephritis 


Myocardial insufficiency: aortic insufliciency; dilated 


aortic arch; syphilis. 


Arteriosclerosis; myocardial degeneration: chroni 


nephritis 


Myocardial insufliciency; arteriosclerosis 


Miliary tuberculosis; tuberculous pericarditis (adher 


ent); myocardial insufliciency. 


Myocardial insutliciency 


Myocardial insufliciency 


Mvocardial insufficiency 


Cirrhosis of live 


Cirrhosis of live: 


Mvocardial insufficiency; cirrhosis of liver 


Carcinoma of stomach; metastasis to liver 


Carcinoma of gall bladder 


Carcinoma of stomach with metastasis 


Carcinoma of stomach with metastasis to liver 


General abdominal carcinomatosis 
Carcinoma of liver. 


Suspected amoebl abscess of live: 


Amoebic abscess of liver; drained 


Hepatitis; tuberculous peritonitis (7) 


perihepatitis (7) 


Splenomegaly ; 
Tuberculous peritonitis (7); syphilitic hepatitis (7%): 
mitral insufficiency. 


Acute chole« ystitis 


Tuberculous peritonitis (7); liver cirrhosis (7). 


Syphilis of liver; syphilitic endocarditis; mitral in 


sufficiency. 


Syphilitic hepatitis (7): amyloid liver (?); pulmonary 


tuberculosis. 


Lymphatic leukaemia. . 


(7) Bay View. (*) Surgical No. 31832. 


HEPATOPATHIES. 


so 


40) 


(‘) +Slight. 


19 


10 


Per 
cent ine Remarks 
7 \utopsy. 

18 

i 

Js 

) 

42 

Ss Small specimen of stool. 

) Autopsy. 

oo) Died 4-12. No autopsy 

’ \utopsy ij~] l 
4 
30 
“s— 00 

I= 

- Autopsy. 

7 In severe cardiac break. 

i) In good clinical condition. 

=) In moderate cardiac decompen 
ation. 

23 Normal fibrinogen; clinically 
well, admitted only fo1 
test. 

% spec ial precautions in ¢ ollecting 
specimens, 

15 Died about veeks ater, No 
autopsy. 

‘ lio Autopsy. 

i) 

{,* ; 7 

Unsatisfactory specimen of 
»4 
stools 
14 
a) 
7 (*) Collection for 30 hours. 
7] Explored; no abscess found. 
23 
0) Unimproved on discharge. 
> Discharged; condit’n unchanged. 
1 
» 
28-30 Discharged; well. 

22 Discharged; condit’n unchanged. 
18-22 

40) \utopsy. 

) 
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MyocarptaL INSUFFICIENCY. | being very marked, together with a uniform central necrosis 


sahteen of the henatopethics were associated with some involving about two-fifths of each lobule. The other patients 
degree of myocardial insufficiency. In nine the phthaleim showed 7 and 14 per cent excretion respectively, the liver in- 
output was normal. Five cases showed marked a ee volvement being marked on exploration. H., with cancer of 
of function as indicated by the test and in each instance the the gall bladder, excreted 20 per cent. This patient is still 
ow output was associated with an extreme grade of broken living. 
In one patient, E. S., suffering from carcinoma of the 


mpensation, whereas the break in the nine cases already 
nentioned Ww nueh le ever In two instanec 1 subse stomach, 24 per cent was recovered. No metastases were 
lt Lromed Wiis | IK SS SeEVOCTOC, l Sti eS i s sc 
} , ys sible ? ‘XYDIOr: Ly 
quent test a week later, at whieh time the cardiae condition visible on exploration 
\ mpl lr iled a marked inerea » the phthalei In one case of general abdominal careinomatosis without 
l mproved, Treveaied j% i cc ‘rease ll ine |} hi 11 
tion. althoueh hesitation is felt. as intimated abov liver involvement, M. S., there was no decrease in phthalein 
( tlOnh, ¢ LHOuUuLTI Nesibatl . ICil, as l Lilhe ; i C, 


1 ascribing this difference between the two findings entirely output, 


to storation of cardiae compensation. \mcespic ABSCESS. 
Of the other four cases , itl 21 per ce ol t . ‘ 
le ome! ses, one with a <t per cent outpu \ week after the institution of drainage in a case o 
i am arv tnherenlosis which affected the liver are : , 
(I. B.) had miliary tubereulosis which affected the liver, ameebie abscess of the liver (W. G.) the test was applied and 
ne (M) in moderate decompensation exereted 20 per cent, 23 per cent recovered, the patient at this time being in a 


Ww} » two others 4 | ‘re practically rm: ‘ . , 1 
while two others (TT. A. and I, W.) were practically normal ood clinical condition. A second suspected case showed a 
normal function. This case was explored by Professor Hal- 


+t tc therefore evide te Bas | il , o ee : 
It is therefore evident that liver function as indicated by a ee a eee ee | 


ie test only becomes seriously affected in those cases im 
which the myocardial insufficiency is extreme, This is in MisceLLANrous Liver CASEs. 
striking analogy to the condition of renal function as indi- Three of these cases were very similar clinically, exhibit- 
eated by sulphonephthalein,” for only in the cases of extreme ing an unexplained ascites. Luetic hepatitis and tuberculous 
ardiae decompensation or passive congestion, clinical or peritonitis were suspected. ‘Two showed a normal function, 
experimental, is the output of phthalein appreciably de- while 22 per cent was recovered in the other case in which 
eased. The first evidence of cardiac improvement is also liver cirrhosis also had been suggested as a clinical diagnosis. 
assoelated with a prompt return of renal funetion to normal. One ease of choleevstitis showed a normal function. gE. P.. 


with a diagnosis of splenomegaly and perihepatitis, excreted 


Cirriosis or THE LIVER. a aa ' 
23 per cent, while from E. T., with luetic hepatitis and 


‘wo cases, typical clinically in every respect, have been mvocardial insuflicieney 18 to 22 per cent was recovered. 
studied. One, D. M., was in exrtremis at the time of the test, G. S., in whom an amyloid and luetie liver was diagnosed 
showing both toxie and obstructive symptoms. us output clinically, had a normal excretion. The patient later died 
was only 6 per cent and no dye appeared in his urine. Death of his pulmonary tuberculosis and at autopsy the liver change 
occurred two months later, but no autopsy was obtained. present was chronic passive congestion with some atrophy. 
The other ease, J. N., had been under observation for years. The highest phthalein output in this entire series was 
Six years earlier, he had 272 litres of ascitie fluid removed. encountered in a case of lymphatic leukemia with enlarged 
lor some years, however, he has been practically free of liver. 
symptoms, carrying on his usual work. The patient con- Unfortunately it has been possible to apply this test only 
siders himself well and exhibits but few residues of his to a limited number of diseased conditions. There still 
former disease. The output, 23 per cent, 1s well in keeping remain a number of diseases, for instance uremia, eclampsia, 
with his present clinical condition. pernicious vomiting, septicemia, peritonitis, and the like, 

Cirrhosis possibly existed in two other cases, W. G. and associated with intoxication and depression of functional 

H. A. The former clinically looked like cirrhosis, but myo- activity in which the results of the phenoltetrachlorphthalein 
irdial insufficiency was also present. A normal output was test may be of interest prognostically. 

ound, The patient died three weeks later, no autopsy being The number of cases studied is too small to permit of far- 

obtained. The existence of cirrhosis in the other patient, reaching conclusions. However, the constant findings in 

Il. A., with a 22 per cent output, is very questionable. health, the decreased output in liver disease, the analogy 

The limited number of cases and the absence of autopsy between the effect of anemia and myocardial insufficiency 

data allow of no conclusions coneerning the excretion of the upon kidney and liver function as indicated by the sulphone- 

drug in cirrhosis, phthalein and the tetrachlorphthalein tests, the results of the 

. test in experimental liver lesions, and the established value 

CARCINOMA OF THB LIVER. of sulphonephthalein, based upon the same principle as the 

Three verified cases of liver carcinoma showed a decreased test in kidney cliseases, all indicate that the excretion of tetra- 

function. In one, K. F., the output was only 6 per cent. | chlorphthalein will be useful in the estimat’on of the fune- 


This patient came to autopsy, the destruction of liver tissue tional capacity of the liver. 
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APPENDIX. 


(25.) No. 88350. C. R., age 56, male, colored. 
Clinical diagnosis: Hypernephroma (rt. kidney). Metastases. 
Myocardial insufficiency. Chronic nephritis. Uremia. For | 


eight months difficulty on urination with passage of blood. Much | 


qe 


strangury. On admission: Extreme emaciation, slight dyspnea. 
Heart enlarged with systolic blow. Liver dulness from fifth rib 
to 8 cm. below costal margin in right mamillary line where 
edge is indefinitely felt. Not tender. Below liver in right flank 
is felt a round tumor, probably kidney. No edema of feet. At 
time of test under rest in bed liver dulness had gone up to 2 
em. below costal margin. Blood examination: Hb., 28 per cent; 
R. B. C., 1,600,000. March 29, 1913, injected 400 mg. Amount 
in urine, 0. Amount in stools, 41 per cent Death, April 4. 
Autopsy: 3901. Hypernephroma of kidney. Dilatation and hyper- 
trophy of heart. Chronic passive congestion of lungs. Cloudy 
swelling of viscera, etc. Liver weighs 2300 gm. Liver. Micro 
scopical section. The lobules show central congestion, pretty 
extensive hyaline necrosis, probably not over 48 hours old. The 
lobulation is regular. 


(31.) No. 87440. C. H., age 49, male, colored. 

Clinical diagnosis: Tuberculous polyserositis. Acute endocar- 
ditis. Weakness, loss of weight, shortness of breath, gradual 
swelling of legs and abdomen. On admission presented signs of a 


‘myocardial break. Liver, hard, firm, smooth, to umbilicus. R 


B. C., 3,000,000; Hb., 35 per cent. At time of second test condi- 
tions practically those shown at autopsy. Progressive emacia- 
tion, asthenia, anemia, persistent ascites. February 14, 1913, 
injected 400 mg. Amount in urine, 0. Amount in stools, 18 per 
cent. April 26, 1913, injected 400 mg. Amount in urine, 0. 
Amount in stools, 15 per cent. Autopsy: 3915. Tuberculous peri- 
tonitis, cloudy swelling of viscera, fibrous myocarditis, cardiac 
hypertrophy and dilatation, syphilitic aortitis. Liver weighs 2150 
gm. The microscopical section shows subacute diffuse hepati- 
tis with increase in connective tissue in all parts of each lobule 
and considerable deformity of liver architecture. Wandering 
cells of every type and scattered tubercles can be found. The 
liver cells show atrophy and degeneration as well as distortion. 


(32.) No. 87515. T. A., age 39, male, white. 

Clinical diagnosis: Arteriosclerosis, chronic nephritis. Symp- 
toms for about one month: Palpitation, dizziness, smothering, sen- 
sations. At time of test, heart 14 cm. to left, 5 cm. to right. 
Systolic puff at apex. Aortic second sound loud. Liver dulness 
from fifth interspace to two fingers’ breadths above costal margin 
in right mamillary line. 3ases of lungs clear. Blood pressure, 
200. Nothing to indicate any abnormality of liver except perhaps 
slight recent temporary chronic passive congestion of liver, not 
present at time of test. Blood examination: Hb., 90 per cent; R. 
B. C., 5,000,000. February 15, 1913, injected 400 mg. Amount in 
urine, 0. Amount in stools, 28 per cent. Discharged March 13, 
1913. Improved. 


(33.) No. 87589. R. S., age 36, male, colored. 
Clinical diagnosis: Myocardial insufficiency. Arteriosclerosis. 


Pleurisy with effusion. Two previous admissions within past six 
months in badly broken compensation. At time of test, ortho 
pnea, fluid in right chest below angle of scapula. Edema of legs. 
Heart, 15 cm. to left, pulse rapid (110). Liver, firm, reaches about 
palm’s breadth below costal margin. Tenderness over it. On dis- 
charge three weeks later, no dyspnea, edema or ascites, but liver 
still a palm’s breadth down, no tenderness. Impression: Evi- 
dently permanent induration of liver from prolonged decompen 
sation with additional acute passive congestion at time of test. 
Blood examination: Hb., 60 per cent; R. B. C., 4,100,000. Feb 
ruary 15, 1913, injected 400 mg. Amount in urine, 0. Amount in 
stools, 9 per cent. Discharged March 9, 1913. At no time any 
toxic symptoms to indicate hepatic insufficiency. 

(34.) No. 87653. M. L., age 48, male, white. 

Clinical diagnosis: Myocardial insufficiency, mitral insuffi- 
ciency and stenosis, adherent pericardium. Acute polyarthritis 
12 years ago. Bronchitis, dyspnea on exertion, palpitation, and 
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precordial pain for past four winters. Comes in for these symp- 
toms. Transient hemiplegia (embolus?) five weeks ago. At time 
of test, heart 12.5 em. to left and 4.5 to right. Aortie diastolic, 
apical systolic and presystolic murmurs. Positive Broadbent. 
Border of heart dulness moves 4 cm. Lung descends slightly over 
cardiac flatness No ascites or edema of extremities. Rales 
at lung bases. Liver felt *% em. below costal margin in mamil- 
lary line but no definite edge. Impression: Perhaps slight per 
manent liver induration from prolonged chronic passive con- 
gestion. (No note of condition of liver on discharge.) Nothing 


to indicate marked clironic passive congestion of liver or fibrosis. 
Blood examination: Hb., 85 per cent; R. B. C., 4,400,000. Feb- 
ruary 22, 1913, injected 400 mg. Amount in urine, 0 Amount in 
stools, $3 per cent. Discharged March 17, 1913. Improved. 

(35.) No. 87770. P. J., age 23, male, white. 

Clinical diagnosis Myocardial insufficiency Aortic and 


‘al insufficiency Right hydrothorax. Admitted eight months 


mit 
previous for acute polyarthritis. History of attack six years pre 


viously Present complaints: For three days pains in legs, 
back, elbows, shoulders, fever and cough At time of test, no 
dyspnew@a or cyanosis. Right hydrothorax. Left lung clear to 
base. Heart 14 cm. to left and 4 cm, to right. Aortie diastolic 
and mitral systolic murmurs. Pulse 80. Liver dulness to costal 


margin; edge not felt. No edema of legs. No fever. Impressicen 


No indication of chronic passive congestion of liver at time of test 


or of any chronic fibrosis. Blood examination: Hb., 84 per cent; 
R. B. C., 4,652,000. February 28, 1913, injected 400 mg. Amount 


in urine, 0 Amount in stools, 42 per cent. Discharged April 3, 
Improved 


(36.) No. 87747 C. G., age tt, male white 

Clinical diagnosis: Chronic bronchitis, emphysema. Cirrhosis 
of liver (7?) Admitted in December, 1910. Diagnosis, chronic 
myocarditis. For six years shortness of breath on exertion. 
Winter cough Pains in epigastrium since 1907, occasional nau- 
sea and vomiting. Findings on previous admission: Obesity, 
emphysema, chronic bronchitis, cardiac arrhythmia, no cardiac 
enlargement, no edema. Liver dulness from sixth rib above to 7 
em. below costal margin in mamillary line. Liver hard and not 
tender, edge not felt. On present admission: Chronic bronchitis, 
emphysema, cardiac dulness perhaps a little wide. Heart regular 
No edema or ascites. Liver: Dulness to just below costal mar 
gin. Surface firm and hard, edge not felt. Impression: Liver 
pushed down by emphysema. Possible slight induration second- 
ary to old myocardial condition. No definite evidence for cir- 
‘hosis. Blood examination: Hb., 87 per cent; R. B. C., 4,300,000. 
February 28, 1913, injected 400 mg. Amount in urine, 0. Amount 
in stools, 53 per cent. Discharged March $3, 1913. Improved. In 


good condition three weeks later 


(37.) No. 87855. R. B., age 45, male, colored. 

Clinical diagnosis: Myocardial insufficiency. Arteriosclerosis. 
Chronic nephritis For four years dyspnea and cough. Six 
months before admission swelling of abdomen and legs. Nausea 
and vomiting two weeks. At time of test, dyspnea, edema of 
lungs, heart 17.5 em. to left and 4.5 to right. No murmurs. Liver 
four fingers’ breadth below costal margin in right mamillary 
line. Firm, tenderness over it. Edema of ankles. On discharge 
no myocardial insufficiency. Ten days before liver dulness two 
fingers’ breadth below costal margin; edge not felt. Impression: 
At time of test marked recent stasis in liver. Probably some 


chronic induration of liver from prolonged myocardial insuffi- 


ciency. Blood examination: Hb., 80 per cent; R. B. C., 5,500,000, 
March 15, 1913, injected 380 mg. Amount in urine, 0. Amount 
in stools, 8 per cent. Small specimen stool. 

(38.) No. 88093. C. G., age 51, male, white. 


Clinical diagnosis: Myocardial insufficiency, myocarditis, acute 
endocarditis, pulmonary and renal infarctions. Thrombosis of 
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left iliac veins. Indefinite spell of edema of feet two years ago. 
No symptoms until two weeks ago, when he had dyspnea, 
pain in side, and swelling of legs. At time of test, moderate 
dyspnea; no edema or ascites; liver indefinitely felt three fingers’ 
below costal margin. On admission four days before, 
16 mm. to left and 


breadth 
edema of legs, dyspnea and cyanosis. Heart 
six to right. Liver from fifth interspace to 7 cm. below costal 
margin. Edge readily felt, rounded and firm, surface smooth. 
Subsequently developed an active endocarditis with fever, leuco- 
cytosis, infarctions. Died April 19. Impression: At time of test 
acute chronic passive congestion had practically cleared up. No 
evidence of chronic induration. Blood examination: Hb., 91 per 


cent: R. B.C., 4,300,000. March 15, 1915, injected 400 mg. Amount 


in urine, 0. Amount 
Thrombosis at site of injection. 
roughened. Typical nutmeg liver 
zones and yellow opaque looking partial zones. Liver. 
section shows evidence of extreme passive congestion 


in stools, 35 per cent. Death. Autopsy: 5909. 
Liver i900 gm. Surface slightly 
Dark almost black central 
Micro- 
scopical 
with central atrophy and fatty degeneration. There is some 
increase in connective tissue about the margins of the lobule, 
not, however, a definite cirrhosis 


(39.) No. 88071. J. F., age 40, male, white. 
Clinical diagnosis: Myocardial insufficiency. Mitral stenosis 
and insufficiency Acute and chronic bronchitis. Emphysema. 
Two previous admissions within past year with broken compen- 
sation and large tender liver. On admission March 10, 1915, 
dyspneea, cyanosis, enlargement of heart 16 cm. to left and 5 cm. 
murmurs; no edema of ankles; general bron- 
dulness from fifth interspace to 4 cm. 


is indefinitely felt. At time of 


to right; cardiac 
chitis; no ascites. Liver 
below costal margin where it 
test, only slight dyspneea, no edema or ascites, slight cough. 
Liver felt 3 em. below costal margin. Edge not distinct. Impres- 
sion: Slight clearing chronic passive congestion. Nothing to 
indicate red atrophy of liver. Blood examination: Hb., 77 per 
cent: R. B. C., 5,200,000. March 15, 19138, injected 400 mg. 
Amount in urine, 0 Amount in stools, 33 per cent. Discharged 
much improved. 


(40.) No. 88324. B. S., age 27, male, white. 

Clinical diagnosis: Myocardial insufficiency. Mitral insuffi- 
ciency and stenosis. Aortic insufficiency. Pulmonary infarctions. 
Acute polyarthritis seven years ago. Three months ago, cough, 
blood-tinged expectoration, dsypneea, palpitation. Four to five 
weeks of swelling of legs. On admission: Enlarged heart with 
murmurs. Diffuse bronchitis and edema of lungs. Ascites, edema 
of legs. Dyspnea. Liver edge indefinite, felt 3.5 cm. below 
costal margin. Tender over it. Test four days later: Condition 
essentially same but less marked. Five days later sudden rise 
of temperature. W. B. C., 13,000. Jaundice. April 12, collapse, 
death. Impression: At time of test moderate acute passive con- 
gestion of liver. Nothing to suggest any chronic changes. Blood 
examination: Hb., 86 per cent; R. B. C., 5,000,000. March 29, 
1913, injected 400 mg. Amount in urine, 0. Amount in stools, 


33 per cent. No autopsy. Thrombosis at site of injection. 


(41.) No. 88884. E. G., age 42, male, colored. 

Clinical diagnosis: Myocardinal insufficiency. Dilated aortic 
arch. Syphilis. Chronic nephritis. History of cardiac failure for 
only six months. On admission: Orthopnea, anascarca, dilated 
heart, gallop rhythm, liver not made out an account of ascites. 
At time of test, firm liver edge palpable three fingers’ breadth 
below costal margin. Same symptoms as on admission but less 
marked. Impression: Moderate recent chronic passive conges- 
tion of liver and no evidence of chronic lesion. Blood examina- 
tion: Hb., 75 per cent; R. B. C.. 6,600,000. April 27, 1913, injected 
400 mg. Amount in urine, 0. Amount in stools, 32 per cent. On 
May 7, liver no longer felt. Symptoms have cleared up. 
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JOHNS HOPKIN 
male, colored. 
Myocardial insufficiency, syphilis, aortic 
severe break in General 
Dilated heart. Very large tender liver. 
In extremis at time of both tests. April 
Amount in urine, 0. Amount in stools, 

Amount in urine, 0. 
3946. Diag.—Syphilis, 


(42.) J. J., age 44, 

Clinical diagnosis: 
insufficiency. Very 
edema; edema of lungs. 
Several previous breaks. 
22, 1913, injected 400 mg. 

per cent. May 19, 1913, injected 300 mg. 
{mount in stools, 24 per cent. Autopsy: 
ortitis, aortic stenosis and insufficiency, myocarditis, chronic pas- 
Liver weighs 
marked pas- 


compensation. 





ive congestion of lungs and abdominal viscera, etc. 
220 gm. The microscopical section shows well 
ive congestion with central atrophy, obviously of long duration. 
rhe liver cells in many lobules have completely disappeared, 
The lobulation is slightly 
About 
of the 


eaving only a thickened reticulum. 
Fatty degeneration appears in the middle zone. 
Some 


irregular. 
one-half of the parenchyma cells nearly normal. 
obules show the bile canaliculi distended with yellow, hyaline 
plugs. This condition is present in the central portion of the 
lobules, and absent in the periphery. 


89247. T. G., age 52, male, colored. 

Arteriosclerosis, myocardial degeneration, 
chronic nephritis. Shortness of breath, palpitation, nycturia, 
transient swelling of feet and ankles for five months. Examina- 
dulness 17 cm. to left, 5.5 to right, ar- 
insufficiency. dulness to 
No evidence 


(48.) No. 
Clinical diagnosis: 


tion: Relative cardiac 
rhythmia. No myocardial 
finger’s breadth above costal margin; edge not felt. 


Liver one 


of liver disease. Blood examination: Hb., 72 per cent; R. B. C., 
1,600,000. May 17, 19138, injected 400 mg. Amount in urine, 0. 
Amount in stools, 30 per cent. May 24, 1913, injected 400 mg. 
Amount in urine, 0. Amount in stools, 28-30 per cert. Throm- 


bosis at site of injection. 


89149. I. W., male, colored. 


Mitral insufficiency. 


(44.) No. age 48, 


Clinicai diagnosis: Arteriosclerosis. Old 
mitral insufficiency. History of a break in 1910. Now for past 
two months, dyspnea, cough, palpitation. Examination: R. C. 
D., 15 em. to left in sixth interspace, loud systolic murmur, slight 
Liver to costal margin; edge 
Blood exam- 


none of ankles. 
Nothing to indicate liver injury. 


edema of lungs, 
not definitely felt. 


ination: Hb., 78 per cent; R. B. C., 5,000,000. May 22, 1913, 
injected 400 mg. Amount in urine, 0. Amount in stools, 28 per 
cent. 

(45.) No. 89301. I. B., age 26, male, white. 


Tuberculous pericar- 
Edge not felt. Slight ir- 
Blood examination: Hb., 60 per cent; R. B. C., 
1913, injected 400 mg. Amount in urine, 0. 
Autopsy: 3941. Tuberculous. peri- 
Ascites, 


Clinical diagnosis: Miliary tuberculosis. 


ditis. Liver not below costal margin. 
regular fever. 
5,200,000. May 27, 
Amount in stools, 21 per cent. 
carditis. Miliary tuberculosis of lungs, liver and spleen. 

hydrothorax, chronic passive congestion of viscera, etc. 
weight 1775 gm. The microscopical section shows well marked 
passive congestion with atrophy of the central portion of the 
lobule. About two-fifths of the parenchyma is involved in the 
central atrophy. There is little fatty degeneration. The margin 
of the parenchyma is normal. 


Liver 


R., age 33, female, colored. 
diagnosis: Myocardial insufficiency, syphilis, aortic 
At time of first test marked broken compensation 
Edema of lungs. Liver hard, tender, down al- 
most to umbilicus. At second test condition improved but still 
hard liver a palm’s breadth below costal margin. Impression: 
Probably marked nutmeg liver. No signs of hepatic insufficiency. 
April 24, 1913, injected 400 mg. Amount in urine, 0. Amount in 
stools, 7 per cent. May 8, 1913, Amount in urine, 0. Amount in 
stools, 33 per cent. 


(46.) No. 89417. S. 

Clinical 
insufficiency. 
with anasarca. 
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(48.) J. M., age 44, male, colored. 

Clinical diagnosis: Myocardial insufficiency, syphilis, aortic 

insufficiency. Several previous breaks. At time of test slight 


Liver four 
Impression: 


edema of ankles and lungs, dyspnea, enlarged heart. 
fingers’ breadth below margin and hard. 

Moderate induration of liver. No signs of hepatic insufficiency. 
June 19, 1913, injected 400 meg. urine, 0. Amount 
in stools, 20-22 per cent. 

No. 88072. J. N., 
Cirrhosis of liver. 
At that time for 19 weeks dropsy, “ mis- 
Tapped six 


costal 


Amount in 


(49.) age 52, male, white. 
Clinical diagnosis: 
Long alcoholic history. 


ery in stomach,” and constipation. 


First admission in 1907: 


Blood in stools. 


times before admission, one “ gallon’”’ removed each time. Heart 
and lungs clear. Liver edge 2.5 cm. below ensiform. Edge un- 
even and firm. Ascites and edema of legs. Tapped 27 times 


between March, 1907, and October, 1907. Total of 272 L. removed. 
Improved. Abdomen still slightly swollen and some 


signs 


Discharged. 
edema of legs. No fever, leucocytosis, drowsiness, or any 
of hepatic toxemia. 
obstruction than to liver insufficiency. 
1911. Meanwhile tapped three to four times, but no other symp- 
toms. Felt well. Returned on account of increase in size of 
abdomen and sharp pains below costal margin. Slight jaundice 
Heart lungs clear. > cm. 


Symptoms due apparently more to portal 
Second admission, June, 


and Liver edge 3 below 
costal margin. Tenderness in gall bladder region, with rigidity 
of recti. Increased dulness in gall bladder region. Slight jaun 
Movable dulness in flanks. W. B. C., 14,000. Irregular 
100° F. No note of tapping during this admission. 
Temperature normal, feeling well, no shifting 
Positive on 100 
Good health 


for one year. 


dice. 
fever up to 
Discharged July 5. 


dulness. Levulose test by Dr. Churchman 


gm. Third admission. Recalled to have test made. 
since 1911. Complains only of occasional slight dyspnoea. Is 
able to work. Abdomen pendulous, walls soft and flabby. Rela- 


tive hepatic dulness begins in fifth interspace and absolute hepatic 
dulness in sixth interspace. Dulness to 3 cm. below costal margin 
Edge felt firm but regular. No ascites. 
No dilated superficial veins. No edema of extremities. Heart 
Urine clear. No fever. Impression: Undoubted 

Never any symptoms to suggest hepatic insuf 


in right mamillary line. 


and lungs clear. 
cirrhosis of liver. 
ficiency except perhaps on second admission. Symptoms due to 


portal obstruction perfectly compensated. 


March 
in stools. 


which at present is 
Blood examination: Hb., 75 per cent; R. B. C., 
10, 1918, injected 400 mg. Amount in urine, 0. Amount 
23 per cent. Fibrinogen content of blood by Dr. Whipple normal. 

(50.) Bay View. D. M., age 

Clinical diagnosis: Cirrhosis of liver. Shortness of breath 20 
years. Periodic edema of ankles. Markedly alcoholic. For three 
years, swelling of abdomen and epigastric pains. At time of test 
general bronzing. Patient is torpid and dull. Liver, 4 cm. below 


4,500,000. 


56, male, white. 


costal margin in right mamillary line. Superficial veins di- 
lated. Caput meduse. Edge of liver firm Spleen palpable. 
Very slight ascites." March 26, 13, injected 400 mg. Amount 
in urine, 0. Amount in stools, 6 per cent. No autopsy. 

(52.) Surg. No. 31832. K. F., age 48, female, white. 


Clinical diagnosis: Carcinoma of stomach, metastases to liver. 
For two months chills, sweating, fever, pain in epigastrium, radi- 
ating to right vomiting and weight. Liver 
dulness from third interspace. Firm, smooth rounded liver edge 
palm’s breadth below costal margin. Surface smooth. 
Liver enormously enlarged, studded with large carcino- 
No symptoms of hepatic insufficiency. No gly- 
cosuria. March 19, 1913, inected 400 mg. Amount in urine 1.5 per 
Amount in stools 8 per cent. Autopsy: 3903. Carcinoma 
Metastases to liver. Atrophy and focal necrosis of 

fatty degeneration. Practically entire 
The microscopic section shows numerous 


shoulder, loss of 
Erplora- 
tion: 
matous nodules. 


cent. 
of pylorus. 
liver parenchyma with 
liver tissue involved. 
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tumor nodule Medullary cancer. Liver lobules show central, 
atty degeneration and seattered areas of hyaline necrosis In 
on ireas these areas of necrosis are very extensive; in other 
obul bsent. The liver parenchyma adjoining cancer growth 
ho treme atrophy and fatty degeneration 
v View \. H ize 67, female, white 
( nica llagnosis Carcinoma of gall bladder Cholelithiasis 
Six o1 en attacks of jaundice in past 40 years Two weeks 
ore admission—weakness, loss of appetite, jaundice. Examina 
( maciation, moderate jaundice, large mass, firm and 
ounde rom right costal margin down to 4 em. below level 
imibilicu gall bladder?) Liver edge well felt mooth, nor 
irm Wassermann reaction 100 per cent Blood exami 
ation ib 5 er cent \pril 1913, injected 400 mg 
\mount in uri ’ \mount in stools, 18 to 20 per cent Two and 
I nont ifter onset jaundice mere intense than ever 
No. 88424 cE. S.. age >», male, white 
Clinical diagnosis Cancer of stomach (met tases) For two 
nont ttacl f vomiting, nausea and pain following about 
o how ifter eating lor past week vomitus bloody Lost 
ound n three months Examination: Emaciation: anemia 
firm, nodular, transverse mass in epigastrium, thought by some 
o be 1 mut finally as thought to be stoma or omentum 
uine miy o costal margin Edge not felt Blood exam 
hnatio Hb. SS per cent; R. B.C >, 000,000 March 31, 19138 
n OO \mount in urine, 0 Amount in stools, 4 per 
nt stool insatisfactory \pril 1913, injected 400 mg 
\mount in urin ) Amount in stools, 22 per cent. Good speci 
nen rie 0} Carcinoma of stomach, metastases in glands 
ind omentun Liver smooth, no nodules made out (Finney 
it 
Ni iF Vl. S., age 40 (°), female, colored 
Clinical sis Carcinoma of cervix uteri. One month b 
ol t general abdominal carcinomatosis tound on abdominal 
xploration \t time of test some ascites; irregular nodular 
nas mpression was that none of these were connected wit! 
ive! it dulness came to costal margin and that edge was not 
elt lood examination ib ) per cent; R. B. C., 4,500,000 
lal njected 400 m Amount in urine, 0 Amount in 


ols 9 pe nt Discharged April 10, 1913, without marked 





n nh midaition, 
No. SO9781 1. T., age 45, male, white 
nical diagnosis Primary cancer of liver. For two months 
\ Tr lo tf weight, abdominal pain Maeplorato aparot- 
) xtensive inoperable primary cancer of liver \t time ol 
est ist operative) great weakness and emaciation Hb., SS 
eT nt june U0, 113 injected 400 meg. \mount nh urine, 
u nount in stools, 6 to « per cent, 
oO POSS I. B., age 27, male, white. 
inieal ‘ Suspected amebie abscess of liver. Ill about 
yo mont Septic fever up to 102° FL. W.'B. C., 12,000. Liver 
lulness rom fifth interspace to 6 cm. below costal margin in 


ght mammillary line. Edge blunt, round. Surtace smooth and 
nder. Careful ploration March 19 by Dr. Hulsted “ was nega- 
ve, with the exception of the enlargement of the right lobe of 


fa few adhesions between the right 


he liver, and the finding « 
obe and e dome of the liver.’ rhe peritoneum at “the lower 
of the right lobe which presented in wound was very soft 
and almost fluctuant.” Blood examination: Hb. 75 per cent; 
.. B. C., 4,000,000, March 10, 1913, injected 400 mg. Amount in 


ine, 0 \mount in stools, 33 per cent. Death. No autopsy. 


0.) No, 88925. F. R., age 40, male, colored. 
Clinical diagnosis: Hepatitis, periostitis, syphilis, tuberculosis 
tuberculous peritonitis (?) and perihepatitis ( 


ybscure origin, large hard spleen. No evidences of collateral cir 
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?). Ascites of 
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culation Liver just felt at costal margin, indefinite, not hard 
extent of anatomical liver change. No clinical 


t 
{ 


Impossible to tell 
signs of hepatic insufficiency. Blood examination: Hb., 40 per 
cent: R. B. C., 2,600,000, April 27, 1913, injected 400 mg. Amount 
in urine, 0 Amount in stools, 30 per cent Case not followed 
1 


after leaving hospital 


(61.) No. SS8S61 E. P 19, male, colored. 


Clinical diagnosis: Tuberculosis (eye test). 
Liver easily felt o1 finger’s breadth below costal margin; edg: 


smooth and firm. Spleen easily felt; edge firm and sharp. Diag 





Splenomegal) 


nosis not clear; chronic malarial infection suspected. No para 


ites found. No clinical signs of hepatic insufficiency. Blood 


5,000,000. May 10, 191 
per 


examination: Ht 1) per cen 
injected 400 mg \mount in urine, 0 Amount in stools, 23 


cent 

(62 Ni 9082. J. McC., age 52, male, white 

Clinical diagnosis ruberculous peritonitis? Hepatitis? Syp) 
ilis (w) Mitral insufficiency. Arteriosclerosis. Symptoms: For 
about a month eakness, shortness of breath, abdominal pain 
swelling of feet On admission, mitral murmur, heart 11 cm. 


left, liver one finger breadth below costal margin; edge not felt 


edema of legs, ascites Diagnosis not clear; most likely cause ot 
findings is vocardial failure, perhaps with chronic peritonitis 
No symptoi if hepatic insufficiency Blood examination: Ht 
60 per cent; R. B. C., 4,400,000. May 17, 191 injected 400 meg 


Amount in urin Amount in stools 1 per cent. June 1 





19135, injected Amount in uril Amount in stool 
1 per cent 

(63.) No. S9489 3. Kh. nee 6, mal colored. 

Clinical diagnosis Acute cholecystitis. Previously well. Acut 
onset ith nausea, pain below right costal margin. [Rigidity ot 
upper right rectus, slight icterus Leucocytosis, 22,000. Rapid 


Hb 70 per cent; R. B. ¢ 
Amount in urine, 


recovery Blood examination: 
$,000,00 May 29, 


Amount in stools, 30 per cent 


(64.) No. $9593. H. A., age 52, male, white. 

Clinical diagnos ruberculous ritonitis (7) Cirrhosis of 
liver { or six months increasir weakness and abdomina 
pain ith gradual ascites. Hemorrhoids 8 years. Emaciation 

hemia cite paracentesis—cloudy, brownish fluid, speci 
eravity 17 Liver felt almost at umbilicus; surface irregular, 
firm, and slightly tender. June 3, 1915, injected 400 mg. Amount 
in uril Amount in stools, 22 per cent 

(05 Bay View. E. T., age }, male, colored 


Clinical diagnosis: Syphilis of liver, syphilitic endarteritis 
mitral insufficiency. Very large liver reaching to level of umbil 


lightly irregular, and knobbed. Slightly ten 


der No other masses \scites April 22, 1913, injected 400 mg. 
Amount in urine, | mount in stools, 18 to 22 per cent. 
66.) Bay View. G. A. S., age 27, male, colored. 


Syphilitic hepatitis? Amyloid? Pulmonary 


Clinical diagnosis: 
tuberculosis. Definite primary and tertiary lesions with positive 
Wassermann reaction. Two months before admission: swelling 
of legs, shortness of breath, cough and expectoration. Examina 
] 


tion: Ascites, liver very large, smooth, not tender, does not pul 








sate, 8 cm. below costal margin. Moderate, irregular fever up to 
101° EF. in afternoon Hb., 75 per cent. April 22, 1913, injected 
100 meg \mount in urine, 0. \mount in sto {0 per cent 


Autopsy B. V. 41. Liver.—Microscopical section shows well 
marked passive congestion, with central atrophy involving about 
14 of each lobule, where the liver cells have undergone advanced 
atrophy, and in some instances even complete death. The sinu- 
soids are engorged with blood. The liver lobulation is quite reg 


ular. Kidneys show advanced chronic nephritis. Lungs.—Bron- 


chiectasis and organizing bronchopneumonia. 
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(ESTS FOR HEPATIC FUNCTION AND DISEASE UNDER EXPERIMEN- 
TAL CONDITIONS. 
PHENOLTETRACHLORPHTHALEIN. 

By G. 1. Wiieeie, M. D., T. C. Peranran ann A, IL. Clark. 

From the Hunterian ‘neeieiinns of Experimental Pathology, The Johns Hopkins University, Baltimore.) 

n earlier paper (Whipple, Mason and Peightal)* we ments were done in groups, three to six animals being injected 


, 1 . at the same time, at least one normal dog serving as control. 
alled attention briefly to three tests which may be of 


: : : ; When a dog weighs less than 20 pounds, 0.1 gm. phthalein is given 
determining liver injury and estimating liver func- 


as a rule, and 0.2 gem. of the drug when over 20 pounds Sub- 
capacity. The estimation of blood plasma or serum cutaneous injection does not give uniform results. Practically 
vill determine the presence of acute liver injury when all these injections were given by means of a needle introduced 


} : i the gular ve ‘ th care this procedure c: be re- 
rment lipase increases ereatly (five or eight times nor- nto the jugular vein, and with car lis procedure can be 

; peated very frequently without causing thrombosis Laceration 
} 


It does not, however, give an accurate idea of the , : 
. —— : of the vein may predispose to a localised thrombus involving per 


of acute liver injury, although a grave injury wi haps only one or two inches of the vein. Injection usually 
cher lipase reading than a moderate injury. ‘The done about 11 a. m. or 5 p. m. and followed by about 200 c 
alue as a qualitative rather than as a quantitative of water by stomach tube to promote diuresis. Urine is collected 

; — winiiitan x aE Me I ia One aa usually by a catheter or from a clean metabolism cage at 


: p. m. or the following morning and a purge given, usually mag 
ellow atrophy, cholane@ itis, et . . 
. rophy, cholangi » Cl nesium sulphate or croton oil Feces are collected at the end of 


en is a second factor of importance, and when this 


n th -24 hours and the feces subsequently passed are collected to 

the blood plasma is verv low it es certain evi insure complete phthalein collection. Vith brisk purgation the 
. : can Puen ge sari} 4 ) e th: . —_ whthale 

erave hepatic insufficieney : but it mav not be low econd fraction will rarely contain more than a trace of phthalein. 


, ’ . — - When purgation is not brought about because of vomiting or 
s of liver cirrhosis. A rough estimate of the fibrinogen : 
other factors the feces on the second or third day may contail 


the od can | ade verv easi v clotting a litt 
NOOK 1 be made very easily ClOULLINS a J the usual amount of phthalein, but there may be some loss, per 
1 Ith cal mand testing the toughness ol the clot wit haps from absorption or destruction. It is not safe to draw deduc- 
d, if possible with a normal control and fractional] tions from a slightly lowered output under these circumstance 
. The > extrac oe the rale “0 he feres as h 
s. With practice it is verv easv to determine whether rhe method of tracting the phthalein from the feces has been 
+] ‘ modified from time to time as the work progressed and the fol- 
rinoven is reatly diminished in amount, when quanti : . : : 
‘ , lowing method in our hands gives the most uniform results work- 
ates can be made if desirable. } ’ ) le j 
, : Irani ing with dog feces Che determinations were done as a rule in 
} ’ . / , ’ hac } ] alle = . 
n étrachiorphtinateim has been studied especially by triplicate, each worker using a separate fraction of the feces 
nd Rowntree” who have determined its physiological emulsion and making independent readings. When the readings 
rapeutie properties. Through their kindness we have were not uniform, repeated determinations were done, but it was 
: unusual for the readings to vary more than per cent The 
to use this drug in our wo! ith various exper! , 
wd feces must be collected carefully from metabolism cages, the res 
r cont tions nee Tim I \ \ e ! | } ’ 
ver conditions. ‘The experimenta ork detailed bt idue being washed out with a wash bottle and spatula to remove 
ill show that this drug, when given intravenously and the last traces. The total feces are diluted to one or two litres 
ected in the feces and urine, can give important evidenc as may be necessary in the collection and washing. The mixture 
sags ic ‘ > alkaline with ’ 4 ( ] irate er ce 
erning the amount of liver injury he decree « made alkaline i ( dium hydrate (40 per nt) and 
shaken until a uniform 1 ture is obtained. If there is any 
il Impairment , , 
; doubt of this a second determination the following day is advisa 
l e 1lound that alter an acut ver Injury there 1s an ble when solution is complet One-tenth of this mixture is taken 
ediate drop in iver phthalein output in the feces an and diluted to 500 ce it vater and 3-4 ce. sodium hydrate 
- Proy skinge 7 edin iy * nig this seco So ( 
rop corresponds very closely to the degree of injury, fal After shaking and sedimentation over night is second solutio1 
; : ; ‘ , may be perfectly clear, and with filtration and dilution can be 
L ero with a fatal intoxication. Further, this phene : - : 
: read directly in the colorimeter. When no precipitation is needful 
ornhthalein hich does me throneh in the nrine : 
chiorphthalemn, which Goes not come ft shin the uring we believe the readings to be most accurate, and have used such 
rmai dog, Will appear very promptly 1n the urine alter solutions to control the methods of precipitation which at times 
ver injury is established. It seems probable that the remove some of the phthalein. Under such circumstances the 
7 ’ . a: basic lei aceta re itatio ni ir the rea ig in | , 
ein is so modified by contact with the injured liver ec basic id acetate precipitation may drop the readi1 n parallel 
: ar . ‘ 2 observations as much as 5-10 per cent and we must assume that 
t cal iss the kidney filter which 1s impermeable to the : 
: ) : ses the lead acetate may hold some of the phthalein, even in alka- 
inged phthaiemn \s the Injury ) ( iver 18 repaires line solution. 
urve of phthalein output in the feces will rise to norma The second fraction, as a rule, must be cleared before a suitable 
e urine output sinks to zero. reading can be made. Of the 500 ce. solution 100 ce. are taken for 
precipitation with 4-5 cc. of a calcium solution (calcium chloride 
—_ 90 gm., ammonium hydrate (conc.) 10 ce. and water to 500ce.). 
METHOD. hic . } } ini } 
rhis throws down an abundant precipitate on shaking and the 
rhe various methods for producing liver injury are described mixture is made up to 200 ce. with 3 to 4 ce. sodium hydrate 
jury I . 
nder the various experiments. The routine followed in giving and water. After standing and filtration a perfectly clear solu- 


he phthalein may be outlined as follows: As a rule the experi tion is obtained which can be read directly against a standard 
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solution of phthalein, 10 mg. to 1 litre. In some feces, normal 
or otherwise, this extraction will give a dirty, reddish color, 
which is difficult to read in the colorimeter, but varying the 
amounts of the calcium reagent and sodium hydrate will usually 
give a clear lavender red tint which can be estimated accurately 
At times a solution may be cleared up after filtration by adding a 
tittle more sodium hydrate and standing several hours. 

The estimation of phthalein in the urine is very simple addi- 
tion of a little hydrate and calcium solution with dilution to a 
proper degree for reading. The normal dog often excretes traces 
of phthalein in the urine sufficient to give a rose red with alkali, 
but not sufficient for a reading. When phthalein to the extent 
of 0.2 per cent or more is excreted in the urine, we believe it 
indicates liver injury Bile pigments give difficulty, but the addi- 
tion of calcium with removal of the precipitated bile pigments 


will give a solution suitable for the colorimeter 


EXPERIMENTAL OBSERVATIONS. 


FATAL CHLOROFORM POISONING AND LIVER NECROSIS. 


Dog 12-50.—Fox terrier, female; weight 17 Ibs. 

April 1. 1p. m., phthalein 0.1 gm. intravenously. Weight 17% 
lbs. 4 p. m., urine contains no phthalein. 

April 2. Feces abundant. Phthalein 35-40 per cent. 

April 12 Dog in excellent condition; weight 18 lbs. 12 m., 
phthalein 0.1 gm. intravenously 

April 13 Abundant feces. Phthalein 45 per cent. 

April 15. 1p. m., phthalein 0.2 gm. intravenously Weight 194 
lbs. 4 p. m., urine contains traces of phthalein. 

April 16. 


May 20 Dog is in a good condition, weight 18% lbs. Chloro- 


Abundant fluid feces. Phthalein 40 per cent. 
form anasthesia for three hours. 

May 21. 1la.m., phthalein 0.1 gm. intravenously. Dog appears 
rather sick and intoxicated. 5 p. m., urine by catheter contains 
abundant phthalein, 8 per cent, 

May 22. 11a. m., abundant feces and vomitus contains only 
faint traces of phthalein. Dog shows definite icterus of the skin 
and mucous membranes and appears very sick, dull and drowsy 


Weight 15% lbs. Urine by catheter contains traces of phthalein. 


11.30 a. m., phthalein gm, intravenously 1.30 p. m., death. 
Abundant feces were passed shortly before death. Phthalein 9%. 
\utopsy done at once. Thorax and heart negative. Lungs show 
a few small purple patches of bronchopneumonia or atelectasis. 
Liver shows extensive central necrosis involving all the lobules. 
Microscopical section: The greater part of the liver has under- 
gone complete hyaline necrosis, most of the injured liver ceil 
nuclei having disappeared. Only a few rows of intact liver cells 
remain about the portal spaces and many of these cells show ad- 
vanced fatty degeneration. Wandering cells of all descriptions 
are humerous in the areas of necrosis. The bile ducts are normal, 
but the larger ones in places are distended with colloid like 
material. The necrosis involves more than four-fifths of the liver 


parenchyma of each lobule. This is a typical example of fatal 
TABLE I Dog 12-50.—CHLOROFORM POISONING. 
Pp , Phthale \¢ ~ 
Da Liv rr Remarks 
Feces t = 
} at. 9 Poun 
\} i ij Normal 
45 s Do 
) 40 rraces. , ‘} Do. 
Ma Ch tmshrs 
M Traces. 8 eee Sh Icterus marked. 
" ] ( ) | 
Death Traces in ee Liver lobules $ necro 
bile. Sis. 
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delayed chloroform poisoning. In places there are subserous 
hemorrhages, particularly in the pelvis and about the bladder. 

Intestinal contents removed carefully. Phthalein present only 
in traces. Gall bladder contains only the faintest trace of 
phthalein. 

CHLOROFORM POISONING, SEVERE AND MILD. 

Dog 12-48.—Small fox terrier, female; weight 14 Ibs. 

April 3. 12 m., phthalein 0.1 gm. intravenously. 5 p. m., urine 
contains no phthalein. 

April 4. Abundant feces Phthalein 47 per cent. Urine con- 
tains no phthalein. 

April 8. 11 a. m., chloroform anesthesia for 1% hours. At the 
end of the anesthesia intravenous injection of phthalein 0.1 gm. 
5 p. m., vomitus abundant. Phthalein 12 per cent. 

April 9. No feces. Urine soiled with some vomitus and con 
tains phthalein 0.1 per cent. Dog appears quite sick. 

April 10. 10 a. m., night urine contains traces of phthalein. 
One fluid stool. Phthalein 7-0 per cent. 12 m., urine contains no 
phthalein, but abundant bile pigment >} p. m., phthalein 0.1 gm. 
intravenously; weight 11% Ibs. 


Plasma Lipase .10- .10 Initial alkalinity. 


.10-1.30 Butyric acidity. 


1.20-1.40 Acid production. 

Plasma clots are decidedly soft and fibrinogen estimated at 
about 100 mgs., which is about 25 per cent of normal. 5 p. m., 
urine contains abundant phthalein 14% per cent. 7 p. m., urine 
contains phthalein 1 per cent. 9 p. m., urine plus vomitus con- 
tains phthalein 1% per cent. 

April 11. 9 a. m., vomitus and urine of night, phthalein 2 per 
cent. 3 p. m., urine contains faint traces of phthalein. No feces. 


= 
o 


$f p. m., two-third fluid stools following croton oil. Phthalein 2 
per cent. 

April 12. Dog is improving rapidly and eats well. 

April 15. 1p. m., pkthalein 0.1 gm. intravenously; weight 12% 
Ibs. 4 p. m., urine contains phthalein 0.1 per cent. 

April 16. 10 a. m., abundant fluid feces. Phthalein 45 per cent. 

May 28. Dog is in excellent condition and weighs 12 Ibs. 5 
p. m., Phthalein 0.1 gm, intravenously 

May 29. Urine contains no phthalein. Feces contain 40-44 per 
cent, 

May 30. Abundant fluid feces contain no phthalein. 

June 2. > p. m., chloroform anasthesia 1 hour. 

June 3. Dog seems normal; weight 11 lbs. 11 a. m., phthalein 
0.1 gm, intravenously. 


Plasma Lipase .10-.10 Initial alkalinity. 
.60-.50 Butyric acidity. 


.70-.60 Acid production. 


5 p. m., urine contains phthalein 1% per cent. but no bile pig- 


ments. 
June 4. No feces. Dog is normal. 
June 5. Abundant feces. Phthalein 43 per cent. 
TABLE II. Dog 12-48.—CHLOROFORM POISONING. 
Phthal- Phthalein excrete ~ 
Date ‘ Liv l Pr Remarks. 
- I es Urine = 
Per ee Per cent Pounds. 
Apr } 00 4; 4 Normal 
s ow ) Chloroform 1} lj Phthalein given at end 
hrs. of anasthesia. 
( . 100 ) { 13 Lipase 5 times normal. 
5 . 100 45 1 “nee 24 
May 28 Ld) i4 ) 2 Dog normal. 
June 2 — ‘ Chlorot'm I 
0 § 1.5 l Lipase 3 times normal. 
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The two preceding experiments (Dogs 12-50 and 12-49) 


ow the prompt drop In phthalein output in the feces. In 
first experiment there is a drop from 40 per cent excretion 


a mere trace in a fatal chloroform poisoning, and in the see 
a prompt drop from 47 per cent to 20 per cent and 25 per 
with recovery to 45 per cent following repair of the liver 

jury within one week. The urine phthalein rose from zero, 


h is normal, to 8 per cent in the fatal case and to + per 
t in the case with recovery. In the second experiment a 


ht degree of liver injury produced by one hour chloroform 


uxsthesia caused no drop in the phthalei of the feces, but 
n output of 14 per cent in the urine and a rise in plasma 
pase. From the last two observations we may conclude that 
s short chloroform anwsthesia caused actual liver injury, 
t did not upset the functional capacity of the liver. This 
responds with the clinical observations of this animal. 

The following experiment (Dog 12-78) shows the same 
ompt drop in phthalein output in the feces due to a chloro- 
rm anwsthesia of two hours. The drop was from 53 per cent 


0 per cent and finally to 20 per cent, with complete recoy- 


| 
in two weeks to 46 per cent. The dog was then polsoned 
tally with phosphorous and died on the fourth day after the 


The phthalein output in feces fell to zero on the day 


<b cose, 
fore death, but the urine output rose from zero to }} per cent. 
e curve of phthalein excretion in the feces shows in a strik- 


manner (Chart 1). 


CHLOROFORM AND PHOSPILOROUS POISONING. 
Dog 12-78.—Large bull-dog, female; weight 38% Ibs. 
gm. intravenously. 5 p. m., 


April 1. 1 p. m., padthalein 0.2 
urine by catheter contains traces of phthalein. 

\pril 2. Abundant feces. Phthaiein 50-53 per cent. 

April 21. 3 p. m., chloroform anasthesia 1 hour 50 minutes. 
Dog seems practically normal; weight 39 lbs. 12 m., 
Blood plasma appears normal 


April 22. 
phthalein 0.2 gm, intravenously. 
except for slight icteric tint. Clots in 7 minutes with the forma 


tion of a firm clot. 


Plasma Lipase .10- .10 Initial alkalinity. 
1.10-1.85 Butyric acidity. 


1.20-1.45 Acid production. 


> p. m., urine by catheter contains bile. No albumin. Phthalein 
2% per cent. 

April 28. Abundant feces. Phthalein 30 per cent. 
vomited a few times and this is the only sign of intoxication. 
Phthalein 0.2 
4 p. m., urine contains phthalein 1 per cent. 
Phthalein 19-20 per cent. 


Dog has 


April 25. 11 a. m., dog is active and normal. 
gm. intravenously. 

April 26. Abundant feces. 

May 9. Dog in excellent condition; weight 37 lbs. 12 m., phthal- 
ein 0.2 gm, intravenously. 

May 10. 10 a. m., one solid stool. Phthalein 23 per cent. 

May 11. 1 soft stool. Phthalein 20-26 per cent. 1 p. m., phos- 
phorous 10 mgs. in oil given subcutaneously. 

May 12. Dog looks rather sick. 

May 14. Dog has vomited food. Icterus is not present. 

May 15. Dog appears better. Phosphorous 10 mgs. in oil given 
subcutaneously. 

May 16. Dog appears pretty well. 


May 18. Dog is quite sick, refuses food and vomits. Slight 
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icterus noted in the sclerz. 1 p. m., phthalein 0.2 gm. intraven 
ously. 

May 19. 9 a. m., dog found dead, but quite warm. 
neath cage (150 ce.) very concentrated and contains large amounts 
Phthalein 4 per cent. Urine in bladder at 
autopsy 20 cc. Phthalein % per cent. 
pleural effusion and bilateral hemorrhage pneumonia and cdema. 
Entire contents of 


Urine be 


of bile pigments. 
Autopsy shows slight 


Oedema well marked in mediastinal tissues. 
the intestinal tract collected and washed from intestinal mucosa 
with care. Phthalein present in merest trace. Bile and gall blad 
der contain traces of phthalein perhaps a fraction of 1 per cent. 
Liver in gross shows conspicuous lobulation and evidence of 
fatty change. Microscopical section: All the liver cells show 
fatty degeneration and contain medium and small-sized fat drop 
lets. Necrotic liver cells scattered everywhere throughout the 
lobule are numerous. The portal tissues are rather edematous 
and filled with wandering cells, some of which contain a yellow 
granular pigment The capillaries between the strands of liver 
cells are engorged with blood cells and phagocytes; wandering 
cells of every description are numerous. Occasional mitotic fig- 
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Cuart I. Dog 12-78.—Chloroform and Phosphorous Poisoning 


TABLE III Dog 12-78.—CHLOROFORM AND PHOSPHOROUS 


POISONING, 


Phthal Phthalein ex 
Date ein Li Re 
given. 
rece l = 
Per cent. Per « P< s 
Ap ) 3 8 Norma 
(hiorot n he 
p ) Lipa tin 
<9 a ) , Rex ipid 
May ”) 7 
16 Phosp. 10 mg Purg ) 1 
) Phosp. 10 mg 
8 leterus Dog vomits sta 
» ) ee . 
19 eee Intesti Death—bile phthalk 
naitra ( 
ces. 


ures are seen in liver cells. The bile canaliculi are not conspicu- 
ous. This is an excellent example of a subacute type of phos- 
phorous injury to the liver. The irritant type of h#morrhagic 
bronchopneumonia associated with @dema is quite common in 
dogs given an overdose of phosphorous. 





Py} 


Os 


AS 


SEVERE ProsproROUS POISONING 
Adult male mongrel; weight 1614 Ibs. 
p. m hth n 0.1 gm. intravenously 5 p. m., 
itheter shows very faint trace of phthalein 
rece ibundant Phthalein jo per cent, 
Dp. m Withalein O.1 an intravenously 8 p. m 
mtain 10 phthalein 
Abundant fe Phtha ) per nt Fowlet 
j by stomach tube 
0 “as mited and act rather ick 
ven rrain morphia followed in two hours by 
l olution by ymmach Weight 18 
, m lo ippear poisoned eight 18 Ibs 
iven in oil subcutaneously 
) pret ell; weight 18 ll p. m., phthal 
tra koOusi 
T f p ous night contains no phthalein, which 
ns il efini njury V he dose ol hosphorous 
la usl \bundant feces collected in the after 
) } ) )} is gs, given subcutaneously 
6 ll ( va i during the night abundant. Phthal 
( Oot 1 ] \ hit bs Icterus noted tor 
n scle md skin ndicating tatal poisoning a 
! ntravenously > p. m., urine 
! Lit l t nt Dog vomits repeated 
is n 10 ein nade up chiefly of clear 
i 1¢ l! l ntarmn abundant phthal I 
‘ ! ibundant 
! 1 nd ymitu ow ca mtain trac 
) m., abundant fluid Phti pre nt 
mpossible to read in n times ( 
i paAuUNnal IT KIN yuite deep. « l 
1 bund U bile t ¢ ’ per it 
l olt mtain mere traces ot phthatetl! 
ne l i LO l¢ aliy Oo I el I 
m } J intravenously p. m 
ibunt n ye! nt ) irime n 
in, t Night urine mtai phthalein 
NM nh ill I ent 
m I urine contains phthalein, 0.7 per ii 
t m nd ik msiderable water; weight il 
undant I 1 urine contains much Dile ind phthaiell 
t n on ibout ( mie veight 
t urine tain i good deal of phthalein 2m. oO 
u il ) n oO oapy KIND 
d nd 1 small amount tf phti 1p 
ntain | len. Jaundl emains in 
‘ 1d Lot 10t vom 
i 1 1 ontains defini ices Of phthal 
T proving \ h bs 2m 
l a oni ces minaiemn 
i n l itains much bile and faint traces of 
u t, gray and putty Phthalein 0; 
! t trac { 1 ; becoming less intense 
) 11 i t contains no phthalein; git 
I o£ S quit ind il 
) u ) ; / htravenou \ 
( onta ithale vy pel ent » p n urine 
ein el 
Jan irine of night contains only faint traces of 
\bu ( collected in afternoon. Phthalein 
dee ing completely in skin and only faint 
el t Pp. 1 ) halein 0.1 gm. intrave nousiy. 
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June 11. 10 a.m., 


3 p. m., abundant feces. 
and the 


\ppearance 


almost normal urine 

June 16, 
from pigment 
July 10. 10 a. m., dog 
O1 


July 11 


gm, intravenously 


Abundant feces 
cretion ?) 


Dog as usual; 


July 14. 


normal; 


appears well; weight 15% 


> p. m., 


weight 


urine of night contains phthalein, 1 per cent 
Phthalein 22 


per cent, Dog seem 


from bile. 
Ibs, 


Is quite tree 
weight 16% Urine is fre 
Phthalein 


per cent 


lbs. 


> 


urine, phthalein 0.3 


Phthalein 60 per cent (Hyperse 


16 lbs Sacrificed. at 


Autopsy 


once All the organs are normal in gross. The bile papilla and 
bile ducts are normal. The gall bladder shows thickening and 
slight ulceration in its distal portion, with adherent slimy 
green material on the mucous surtace There are adhesions be 


tween the liver and omer 


Phthalen 


at this place Liver on section 





Cxyerlior | 


tice ~ 
60% + 





at 


Hey per secretion (7) 





9 10 | © 


Say 














Cuarr I! l Phosphorous Poisoning and Repair. 
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normal. Microscopical section: Normal liver parenchyma lein 2 per cent + There is a definite cloud of albumin. Kidneys 

ept for a slight increase in phagocytes about the portal areas. show some linear abscesses, which are most numerous in the right 
of these phagocytes contain yellow pigment. The repair is kidney. Liver is pale and yellowish, obviously very fatty, quite 
t perfect soft and slightly smaller than normal. 


i _ Microscopical sections are negative except the liver. This shows 
receding experiment (Dog 12-55) illustrates the 
advanced fatty degeneration, all the liver cells showing great 


ype of phosphorous fiver injury. lhe normal patna numbers of fat droplets rhe majority of them show a mere 
ut was constantly 45-50 per cent, al d after the phos- honeycombed protoplasm. Actual hyaline necrosis is rarely o! 
s injury dropped to zero with a corresponding rise 1n served, but is present Wandering cells are pretty numerou 
sw . mt. . > "Ac “ P 
e from zero to 6 or 93 per ce! his is the only case rhe portal structures are normal. 
{ T ) | mil I | Ye el ~ Cl 1 aog eovered . 
-_ ae Sn oe : rants \ Dog 12-88.—PHoseno0rous Potsonine 
: orous polsoning alter a deinit terus had devel- 
The liver repair was considerably delayed in this in 
. 4 } ) 
t finally alter weeks the phthalein curve returned to 
i nd even showed evidence of hypersecretion (Chart 
\n nsvy showed practically prefect repair I the vel , 
PITOSPHOROUS POISONING—FATAL 6 Days. Dog 
2-88 Fox terrier, male; weight 14%, Ibs. ' 
ril 3. 1 p. m., phthalein 0.1 gm. intravenously 5 Pp. m., 
contains no phthalein. 
| 4 Abundant feces. Phthalein 435-47 per cent 
ril 7. Phosphorous 10 mgs. in oil given subcutaneously; 
‘ ti The receding experiment Doe SS ) Ows } 
s 
pril 8. Dog shows no signs of intoxication. 12 m., phthalein example HOSP IM IS polsoning am Ine Cl 
ntravenously » p. m., urine by catheter contains traces It will be seen lat the nthaiel l ul mn the es 
halei ither ow m ( orma » per cent to 25 per cent 
Jasma Lipase .10- .10 Initial alkalinity the second iv. bul ract { ro on the urt da 
1.45-1.10 Butyric acidity mained het nt ith or ‘ i ' It is interes 
re : to ol nat e s eat vs ert rnest n e day ( 
1.55-1.20 Acid production. ) 
owl! tiie ! ction of ho 10 us lie it ymmewnhat S 
pril 9. Abundant feces. Phthalein 25 per cent. Dog is pretty : 
xieat } ofressed Wi ve el e same 
nd retuses tood 
pril p. m., phthalein 0.09 gm. intravenously Blood wn ital Chior v - 
a clots normally but the blood clot is decidedly flabby indi 
drop in fibrinogen. Cirronic Prrosprorous Potso 
Plasma Lipase 10-10 Initia al ty Dan 2-105 White bull dog. femal eight 24%, Ibs 
60-50 Butyrie acidity April 18. 2 p. m., phthalein 0.1 j ntravenously 5.00 | = 


- urine by catheter contains no phthaiein 


70-.60 Acid production April 19. Abundant feces. Phthalein. r cent 
' April 22. 12 m., phthalein gm. intravenously; weight 2245 


urine contains abundant phthalein, 1% per cent . ; 
urine contains phthalein 14 per cent ibs. o Pp. m., urine contains no phthalein 

: : ofits April 23. Abundant feces Phthalei ) pe f 
pril 11 Abundant feces. Phthalein shows the merest trace. tal ; : it rx 
May 25. og in good condition, weight i s ] 
lay 25. | 1 ! 


ick and keeps very quiet. 


: ; el ’ hia % mgs. in oil given subcutaneously 
pril 12. Dog shows definite jaundice of skin and sclere. 12 : 4 hegie , 
, 191 > ; lay 25. Dog looks somewhat intoxicated 
hatein 1 am: weight 12% IDs. p. m., urine contains : 
oat : May 26. Dog appears sick but has no icterus eight 22 
ndant bile. Phthalein 1 per cent : ; p 
' ll a. m., phthalein 0.2 gm. intravenously p. m., urine by cat 
Dog is very sick and has much bloody diarrhaa wilt . i ) 
‘ : ; eter contains no bile. Phthalein 1.2 per cent 
omiting. Feces contain mere traces of phthalein. 3 p. m., ‘ es : 
i ae May 27 Abundant feces Phthalein per cent 
ery sick and was sacrificed. Autopsy performed at once. ‘ 
: ag ‘an May 28. Dog has diarrhea and vomiting. rine vy catheter 
1 clots formed soft jelly like masses indicating very little : as : 
contains no albumin and no bile pigment 
orzen = 
May 30. 5. p. m., phthalein 0. m,. intravenous veight 
Plasma Lipase 10-10 Initial kalinity bs. 
{ } ( . , 
60 aLyen aia ) lay >] Feces abundant Phthalein per / 
June 2. Dog has some diarrha@a; weight 21 lbs. Phospho s 
75..70 A produc } : é 
(9-40 Acid prod “a > mgs. in oil subcutaneously 
Thorax, heart and lungs are normal. Spleen shows a few June 10. Dog is in fair condition; weight 22 lbs. Phosphorous 
w#morrhages beneath the capsule. Stomach contains black, tarry 5 mgs. in oi] given subcutaneously 
iterial. Duodenum is normal. Bile can be squeezed with ease June 18 Dog continues to have diarrhaa veight 21% Ibs 
hrough the bile papilla. The gall bladder is small and flabby. 12 m., phthalein 0.2 gm. intravenously p. m., urine by catheter 
The bile in the gall bladder contains phthalein 1 per cent : contains only faint traces of phthalein. Bile and albumin are ab 


rine in the bladder contains abundant bile pigments and phtha- sent 
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June 19 Abundant feces Phthalein 42 per cent. 

June Dog in fair condition; weight 20% lbs. Phosphorous 
> mgs. in oil subcutaneously 

June 28. Phosphorous 5 mgs. in oil subcutaneously 

July 8. Phosphorous 5 mgs; weight 19% Ibs 

July 10 Condition fair; weight 19% lbs 10 a. m., phthalein 
} in ntravenousls 2.30 p. m., urine phthalein 14 per cent 


m., phthalein 0 


feces Phthalein 44 per cent 


Abundant 


July 24 Condition unchanged weight 19 Ibs Sacrificed 
Autopsy at once All the organs are normal. Liver appears quite 


normal in gross lhe bile passages show no abnormality Micro- 


scopical section of liver normal! 


POISONING. 


ran VI Dog 12-105 CHRONIC PITOSPILOROUS 
Dat t te il 
I { = 
Po 
‘ g N nal 
\} 
' hk 
Ma } j 
6 ) De 
) ) Hy} t 
} : 
' Diarrl 
I bl irrha 
J Os} i 


HYDRAZINE AND PHOSPILOROUS POoISONING—EARLY CIRRHOSIS. 


Dog 12-82.—Mongrel male; weight 17% Ibs. 


phthalein 0.1 gm. intravenously. Hydrazine 


April 5. 1p. m., 
! catheter con 


sulphate 0.1 gm, subeutancously 7 p. m., urine by 


tains abundant phthalein. 


Feces abundant. Phthalein 20-22 per cent 


April 6 


April 7. )2 gm. hydrazine subcutaneously 
April & Dog eats well; weight 1614 Ibs. 
Plasma Lipase 10-10 Initial alkalinity 


10-.10 


Butyric acidity 


)- P00 


Acid production. 


12 m., phihalein 0.1 gm, given intravenously. 5 p. m., urine con 
tains phthalein, turning deep red with hydroxide. 
April 9 Phthalein 25-27 per cent 


not appear 


Abundant feces. Dog does 
intoxicated. 
Phthalein 0.1 gm, intraven- 


April 10. *3 p. m., weight 16% Ibs. 


ously 6 p. m., urine contains phthalein, 1% per cent. 9% p. m., 


urine contains traces of phthalein. 
April 11. 
April 14 


subcutaneously 


feces. Phthalein J3s-42 per cent. 


Abundant 
Dog appears quite well. Phosphorous 3 mgs. in oil 
given 
April 15. 
gm, intravenously tp. m., 
April 16, abundant. 


Urine is negative for phthalein, 


Phthalein 0.1 
urine contains trace of phthalein. 
Phthalein 


Dog appears well; weight 17 Ibs. 


fairly 33-35 per cent. 


Feces 


April 20. Dog is in a good condition; weight 17% Ibs. Phos- 


phorous 7.5 mgs. in oil given subcutaneously. 


April 21. Broth culture (0.3 ce.) 24 hour growth of B. coli 


given intravenously. 
April 22. Dog appears in a good condition and eats food; 
weight 16% lbs. Blood plasma appears normal, and clot is firm. 


Plasma Lipase 10-10 Initial alkalinity 
.60-.70 Butyrie acidity. 


70-.80 Acid production. 


! 
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Phthalein 0.1 intravenously. 5 p. m., urine con- 
% per cent, and no bile. 


Phthalein 25-82 pei 


12 m., gm. 
tains phthalein, 
April 23 
April 24. 
April 25. 11 a.m 
urine contains abundant phthalein 1 per cent, and 


Abundant feces. ent, 


Phosphorous 7.5 mgs. in oil given subcutaneously. 


phthalein 0.1 gm, intravenously; weight 15 


lbs. 4 p. m., 


bile pigments are present 
April 26 Abundant feces. Phthalein 30 per cent. 
April 27. Dog found dead. Autopsy: Bilateral pleurisy with 


tissues 


The 
The lungs are clear. 


about 1 to 200 ec. of turbid exudate. mediastinal 


everywhere are cedematous. Other viscera 


are negative except the liver. The liver lobules are slightly con 


spicuous and the color suggests some fatty change. Microscopical 


section: Liver shows evidence of beginning cirrhosis. The con- 


nective tissue about the portal spaces is edematous and contains 


numbers of wandering cells. There are clumps and strands of 


new formed fibroblasts, and in places indefinite buds suggesting 


the structures assumed to grow from the bile ducts or strands 


of liver cells. Phagocytes containing pigment debris are present 


in these areas. In some lobules polymorphonuclear leucocytes are 


quite numerous, suggesting a persistence of the infection pro 


duced by the injection of B. coli. The liver cell columns are some- 
what distorted. The liver cells in general are pretty normal look- 
ing. Some of them contain small fat droplets, however, and the 
bile canaliculi as a rule are distended with yellow colloid material. 
There are no necroses. Wandering cells of the mononuclear type 


are pretty numerous everywhere. It is obvious that one is deal- 


ing here with a subacute infectious and toxic injury to the liver, 
bringing about progressive changes with proliferation of fixed tis- 
Death 
and empyema with no evidence of 


sue cells and definite suggestion of early cirrhosis. was 


due in great part to pleurisy 


grave liver insufficiency It is probable that the colon bacillus, 


together with the phosphorous, were responsible 


Taste VII. Dog 12-82.—Hyprazine anv Puosruorovus POISONING. 


P} ere 
Date ‘ ve =A Remarks 
ve 
| [ te 
l P s 

\p iH 

S 1) 

t t - 

) ) ces 

B oli (0.8 ec broth) 
intravenously. 
) t Lipase above normal 
! *~hosp y 


, Bile in urine. 
Deut . ee ‘ Empyema - earls 


rhosis. 


The preceding experiment (Dog 12-82) shows the effect of 
hydrazine sulphate, which causes a drop in phthalein output, 
i This 


drug causes a fatty change in the liver cell with little cell necro- 


as In the case of other drugs which injure the liver. 


sis, and it is interesting that the lipase is normal at this time, 


although in fatal hydrazine poisoning the plasma lipase will be 


much increased. Phosphorous was then given, followed by a 


broth culture of B. coli to combine the action of the poison 


with an infection. Under certain conditions (Opie)* this will 


cause cirrhosis and such was found to be the case in this 


experiment, where autopsy showed connective tissue prolifera- 


tion and some distortion of liver cell columns. 
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Lungs showed 
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Eck FISTULA AND CHLOROFORM POISONING, 


Dog 12-51.—Brindle bull, female; weight 27 Ibs. 
April 
ontains traces of phthalein. 
April 4. 11 a.m 
April 24. Dog in excellent condition; weight 26% Ibs. 


12 m., phkthalein 0.2 gm. intravenously. 5 p. m., uriné 


feces abundant. Phthalein 45 per cent. 
Opera 
tion as usual for Eck fistula. 


\pril 25-27. Dog is well and eats. 

\pril 28. Wound scratched open, but was closed again by deep 
itures. This necessitated slow granulation. 

May 9. Dog in excellent condition; weight 26% lbs. 11 a. m., 


thalein 0.2 gm. intravenously. 4 p. m., urine contains phthalein 
urine contains no phthalein 
Phthalein 45 per cent. 


weight 29 lbs. 5 p. m 


er cent. 6 p. m., 
Feces are abundant. 
May 17. Dog in a good condition; 
thalein 0.2 gm, intravenously. 

May 18. Urine of previous night contains 1 per cent phthalein 
\bundant feces during forenoon. Phthalein 43 per cent, 


lune 2 p. m., dog in excellent condition; weight 29 Ibs. 


roform anasthesia 2 hours. The anwsthetic was poorly taken 
nd a large amount of the drug given. 


June 3. 12 m., Phthal 


Blood plasma clots in normal tim 


dog is quiet, but does not look very sick 
n 0.2 gm. intravenously. 


it the clot is decidedly soft. Fibrinogen estimation 50 to 100 


Plasma Lipase .00- .10 Initial alkalinity. 


1.50- .90 Butyric acidity. 


1.30-1.00 Acid production. 


Phthalein 
s bleeding from neck and the granulating 


. m., urine by catheter contains bile and albumin. 


per cent. Dog 
ibdomina! wound, indicating a serious drop in fibrinogen content. 
June 4. 10 a.m., dog found dead. Feces were abundant in the 
ige, Phthalein 5 to 10 per cent + 


Intestinal contents collected carefully. 


(color red and very difficult 
Phthalein ¢ 
ent. Gall bladder contains phthalein % per cent. Abdom 
of bloody fluid, and there had 
een a good deal of bleeding externally as well as internally. 


o read). 
inal cavity contains about 200 ce. 
numerous purple moist areas of bronchopneu 
onia. All the itssues showed icterus. Liver showed central 
central nec 


ecrosis. Microscopical section: The usual hyaline, 


osis is present, involving about *% or more of every lobule 


liver cells about the portal spaces show fatty degeneration 


TavLte VIIL. Dog 12-51—Eck FistuLa AND CHLOROFORM 





the Phthalei creted 
I I f Remarks 
Fece Urine = 
P y 
15 rrace Norma 
° ( kel i 
! | Eck Fi i ¢ 
0) 1 ‘ ) 
( l ) po 
. ) ‘ g brinog 
lo 
Death i I i time ( 


Eck FISTULA. 


Doc. 12-2.—Black and tan mongrel, female. 


Feb. 1. Ether anesthesia with operation as usual and produc- 


tion of the Eck fistula. 


Feb. 2 Dog is recovering rapidly and drinks milk. 


Feb. 3. Weight 13% Ibs. 
April 1. 12 m., 


phthalein 0.1 gm. intravenously. Weight 15 


} 
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Ibs. 5 p. m., catheterised urine turns deep red on adding sodium 


hydroxide, showing considerable amount of phthalein 
Phthalein 17 per cent 


weight 16 


April 2. 2 p. m., feces abundant 
April 8. 12 m., 
lbs. 4 p. m., 


phthalein 0.1 gm, intravenously; 
urine contains phthalein, 4% per cent 


April 9. Abundant feces. Phthalein 20 per cent 
April 15. Phthalein 0.2 gm. intravenously; weight 15% Ibs. 
i p. m., urine by catheter phthalein, 2 per cent. 


April 16. 9 a. m., urine from cage contains phthalein in traces. 


10 a. m., abundant fluid feces. Phthalein 30 per cent 


May 26. Dog in excellent condition and there has been steady 
improvement in general condition; weight 17 lbs. 11 a. m., phthal- 
ein O.1 gm, intravenously. 5 p. m., urine contains 0.1 per cent. 
Phthalein 36 per cent 


May 50. 5 p. m., phthalein 0.1 gm. by stomach tube. 


May 27. 2p. m., abundant fluid feces. 


May 3l. Night urine from cage contains no phthalein. Follow- 
ing the purge abundant feces were collected. Phthalein 45 per 
cent. 

June 2. 11 a. m., phthalein 0.1 gm. by stomach tube, after a 


period of fasting for 24 hours, insuring practically an empty 
stomach. 

abundant fluid feces. 
phthalein 0.1 gr, 
urine contains phthalein, 0 


June 3. 10 a. m., Phthalein 58 per cent. 


June 17. 10 a. m., intravenously; weight 17 


Ibs. 12 m., per cent ! p. m., urine 


contains phthalein, 0.1 per cent 
June 18. 10 a. m., 


abundant feces. Phthalein 40-41 per cent. 


June 19. Abundant’ feces. Phthalein present only in faint 
traces, 
June 21. Plasma Lipase .10-.10 Initial alkalinity. 


0-30 Butyric acidity. 


10-40 Acid production. 
July 10. 10 a. m., Phthalein 0.1 


phthalein, 0.4 per cent 


dog appears well. 16% Ibs. 


am, intravenously. 2.00 Pp. m., urine, 


p. m., urine by catheter. Phthalein 0.5 per cent. Purged 


July 11 Abundant feces. Phthalein 38-40 per cent 
TABLE IX Dog 12-2.—Eck FiIstuna 
Phthal- PB ' 
pa 1 
; { ‘ - 
/ t.| J l 
Fel ' i 
\y 4 
M 6 o 
June s X Given phtha 
tm Ly 
Jul ' ) 0 Do ] 
This experiment (Dog 12-2) shows how an Eck fistula dog 
may give a low phthalein output some weeks after the opera- 


tion. These dogs often die during the first month with signs 


of obscure intoxication and perhaps suffer from hepatic insuf- 


ficiency. This dog was na rather poor condition for 2-3 


weeks after the operation and then gradually and steadily im- 


proved in general health. It will be noted that the phthalein 


curve shows a steady rise in output. Phthalein is found in 


the urine in all KE istula dogs and we believe this indicates 


a certain type of liver injury; note also the increase in lipase. 
The preceding experiment (Dog 12-51) shows no difference 


in phthal in output before and alter the Eck fistula, but it 


should be noted that the dog was in perfect condition and 
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“vine veight after the operation. Fatal chloroform poison- April 12. Weight 21 Ibs. Abdomen and hindlegs very edema 
, 1 4] tous. 12 m., phthalein 0.1 gm. intravenously. 3° p. m., urine con- 
ind itek fistula showed the same reaction in every respect, 
i : ; ; tains no phthalein 
ot receding exverimments hniorolo . a i . - s 
' ; riments (Chiorotorin ). April 15 12 m., feces abundant Phthalein 39-41 per cent. 
Dog is quite dyspnaic, due to accumulation of fluid; weight 22% 
Eck Fistvta or ONE YeaRs DURATION lbs. Ascitic fluid 2000 ce, removed 
og 6 Adult mongrel, female; weight 15 Ibs April 15. Ascitie fluid 2000 cc. removed 
Via 912 Ether anwesthesia and an operation as usual April 22 Ascitic fluid 1000 ce. removed. 
k fula produced Dog made a good recovery and has ap April 24 600 ce. ascitic fluid removed Spleen after removal 
peared normal during the past year of fluid is large, nodular and easily palpable. Liver can be 
April 5, 1913 Dog is normal and active; weight 1314 lbs l palpated 
. m., tlein Of gm, intravenously 7 p. m., urine contains May 9. Weight 1914 lbs. Dog is in excellent condition: no sub 
yhthalein 0 per cent cutaneous wdema. Collaterals are very conspicuous over the ab 
April Abundant feces Phihalein 44 to jo per cent Urine domen ll a. m., phthalet 1 gm, intravenously 
mtains faint traces of phthalein May 10. Feces abundant Phthalein 58 per cent. 
June Dog in excellent condition; weight 15 Ibs. 12 m May 13. Ascitic fluid 1000 ce. removed. 
yhthalein gm, intravenously } p. m., urine by catheter con May 20 Abdomen is greatly swollen; weight 22% lbs. Ascitic 
ins 0.8 per cent fluid 3000 ec. removed. > p. m., chloroform anasthesia for tivo 
June ) Abundant fees Phthalein 42 per cent. hours. 
June () Soft feces Phthalein 6 per cent Phthalein total May 21. 11 a. m., phthalein 0.1 gm. intravenously; weight 16 
p Ibs. 12.30 p. m., urine contains phthalein, 0.1 per cent. 2.50 p. m., 
—" ‘ine contains j ‘ thalein, 2 recent. 3 p. . ascitic 
Plasma Lipas 0-10 Initial alkalinity urine contains abundant phthalein per cent p. m iscitic 
, > ’ : fluid 500 ce. removed. After centrifuging a clear amber fluid 
() » Butyvrie acidity 
is obtained, which turns to a clear rose red on the addition of 
s j } ide s ob s the t , alei afte , , 
10.25 Acid production. sodium hydroxide. It is obvious that the phthalein after chloro 
form poisoning has passed into the ascitic fluid, as well as into 
the urine. The ascitic fiuid 
\ CONGESTION, ASCITES AND CHLOROFORM INJURY 
Dog {14.—Irish terrier, female: weight 13 Ibs. Ascitic fluid Lipase .10-.10 Initial alkalinity. 
Jan Ether anesthesia and operation (McClure). The 0-50 Butyric acidity. 
na cava between the diaphragm and heart was exposed and - 
umen narrowed to an extreme degree by placing fine silk 10-40 Acid production. 
utul going through and through the vein wall. The caliber : . . F 
> p. m., urine contains phthalein, per cent. 9 p. m., urine 
if the vein at the end of the operation was estimated between 
ld ' contains phthalein, 1 per cent. 
ind mm., the original diameter being about 8 mm. : 
= May 22. bundant fluid feces. Phthalein 19 per cent. 
Jan I-23 Dog recovering well trom operation. ae . a 
: ‘ May 25. % a. m., abundant feces. Phthalein 0. Urine contains 
Jan Abdomen is somewhat swollen. ; ; : 
: . : phthalein ™% per cent and bile tests are positive. Dog is hungry 
Jan l There is well-marked cwdema of the legs and abdom ¥ - 
; and eats pretty well. 5 p. m., urine contains no phthaelin but 
inal wal weight 19% lbs. Respiration is grunting and labored. 
, ; ; = Se : plenty of bile pigments. 
>} p. m., phthalein 0.1 gm, intravenously. 5 p. m., ascitic fluid LOO x ne ‘ ’ ; 
: May 24. Urine contains traces of bile pigments. Dog appears 
c. removed. Phthalein was absent. a : 
; : quite normal. During this time there has been no accumulation 
reb p. m., 1500 ce. ascitic fluid removed. Phthalein not 


of ascitic fluid 


lemonstrable in 500 ce 


b 


. , May 26. Dog is active and hungry; weight 1414 lbs. 11 a. m., 
Subcutaneous cedema is diminishing; weight 18% Ibs. 





: Phthalein 0.1 gm. intravenously 5 p. m., urine contains traces 
venous circulation is conspicuous over the abdomen. : 
; : of phthalein. 
! Weight 20 lbs., and dyspnoea is well marked, due to the “ ; : : 
May 27 Abundant feces. Phthalein 30 per cent, 
of the aseitie fluid 1400 ce. pale, straw-colored fluid re ? 
; May 28. Feces contain no phthalein. 
rom abdomen, . t | 
' . ‘ June 9. scites begi ing re: ear; weig 55 s. Col- 
6 Weight 17 Ibs The subcutaneous wdema is clearing. June Ascite Inning to eapp nh eight 1554 Ib ( 
. . lateral veins over abdomen are inconspicuous. 
nous collaterals are very conspicuous. Ascitie fluid, 600 
ed June 16. Weight 1S Ibs Dog is in a good condition. 
Weight 18 Ibs Ascitie fluid 1700 ec. removed June 17. 11 a. m., phathaelin 0.1 gm. intravenously; weight 
Wet! I IUD : i i i ‘ ( i . 
, - + : , Ss "On 1 ‘ine ¢ ains ly the fs ‘st trace of p le 
5. Weight 17 Ibs. Dog has excellent appetite and ap- 18 Ibs. 2.30 p. m., urine ontains only the faintest tr en o phtl il 
1 perfectly good health Ascitie fluid 600 ce. removed ein. 3.30 p. m., ascitic fluid 800 ce. removed. Centrifuging gives 
1 perfectly g alt scitic f } ( r d 
x .bdem s very t.ns¢ weight 1914 Ibs Ascitie a clear amber colored fluid which undergoes no change on the 
00 ee. removed addition of sodium hydroxide howing the absence of any 
) 00 ee. ascitic fluid removed phthalein. 
> We ht lL, Ibs scitic f LSOO ce, re ( . 7 tas —— 
- W aoe, Ten \scitic fluid 18 c, removed Ascitic fluid Lipas 10-.05 Initial alkalinity. 
tin fl an c ry . - > s sat 
Ascitic fluid 900 cc. removed. 05-10 Butyric acidity. 
28 Ascitic fluid 1500 ce. removed Weight after re- : 
14 lbs 7 . . 
sate : 15-.10 Acid production. 
1 3 Weight 201, lbs. Ascitic fluid 2000 cc. removed. 
ma has reappeared over the abdomen, which is very tense After removal of fluid, spleen is not as hard and easily palpable 
1 p. m., phthalein 0.1 gm. intravenously; weight 16% and liver cannot be felt. 
p. m., urine contains no phthalein. June 18. No feces; and purgatives are vomited. 
Abundant fluid feces. Phthalein 32 per cent. June 19. Abundant feces soiled with vomitus. Phthalein 23 
Ascitic fluid 2000 ce. removed, ’ per cent. It is possible that, due to the delay in purgation, there 
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id been some absorption of phthalein, but it is evident that sutures are placed. The lumen of the vena cava measures 7-8 
output is definitely diminished. mm. in circumference when opened and is covered by a smooth, 
uly 10. Dog well; good appetite. Ascitic fluid accumulates intimal lining. The sutures are embedded in the wall, causing 
ly and collaterals are conspicuous; weight 17% lbs. 10 a. m., little pouchlike bulgings just below the constriction. The vein 
thalein 0.1 gm, intravenously. 2.30 p. m., urine contains mere below is slightly thickened 
ce of phthalein Microscopical section: The liver is characteristic of passive 
uly 11. Abundant fluid feces. Phthalein 43 per cent. congestion. There is central atrophy and fatty degeneration 
luly 21 Dog in good condition; 17 Ibs. Sacrificed. Autopsy Some of the lobules show almost complete disappearance of the 
nce The peritoneal cavity contains about 1700 ce. of ascitic parenchyma and here the walls of the sinusoids are thickened. 
The peritoneal cavity shows a little thickening of the There is a slight increase in connective tissue about many of the 
ous coverings. The liver lobules are glued together by this portal structures. The liver parenchyma as a rule about the mar- 
chronic inflammatory reaction undoubtedly associated with gin of the lobule is quite normal 
ited tappings. Liver is enlarged, but has diminished in 
considerably with the escape of blood. The gall bladder and The preceding experiment is of considerable interest Ix 
ducts are quite normal. Bile escapes easily into the duode- perimental passive congestion of the tissues and organs below 
On section the liver lobules have rather conspicuous cen the diaphragm can be easily produced by this method devised 
many of which contain blood. The spleen is but little in by R. D. McClure. It will be noted that the ascites did not 


ed in size. The other organs are normal Kidneys show . ; 

. . nd ol . .} ac 1 , | far advance 
te congestion of the cortex. The pleural cavity shows no appeal at once and aimost a week wa required lor advanced 
sions except between the vena cava and the lung where the accumulation of ascitic fluid. The dog presented all the 


common signs of passive congestion of the abdominal viscera. 





PRthalen i, 

Ex ention : Pita RS Pe put. . a a capacity was but little impaired and the phthalein excretion 
mo ee 
+14 


In spite of this engorgement of the liver its functional 
— rose as the collateral circulation became established and the 
liver adjusted itself to the changed conditions, ‘This is in 


50}. - 


harmony with the observations of phthalein exeretion in 


human cases, 





Chloroform anwsthesia for two hours caused the usual sharp 


4O7o -| +. pe 
drop in phthalein output and, most interesting of all, the 


appearance of phthalein in the urine and ascitic fluid. Phthal 





307, - *: 





: ein did not occur in the urime and ascites without acute liver 
hs | injury. It is clear from this and other experiments that the 
) a SSGREREEE  CERSakeey presence of injured liver cells in the body modifies the phenol 


tetrachlorphthalein so that it can pass the kidney filter. It is 


obvious from this experiment that the phthalein is modified 
10}, - SERVE FALSAARECRE so that it can 


pass through the endothelial filter elsewhere 


than in the kidney and appears in the ascitie fluid. Lipase 
Oo SERONHERERERAWE Se of the plasma is greatly increased during liver injury and the 
| [tt 14 lao fag ‘} 10 lipase ol the ascitic fluid is about double normal during chlo 








Abad May Shares Suds _| roform poisoning. The repair of the chloroform liver injury 


which advances so rapidly in normal dogs is found to be 





Ciuart III. Dog 12-44.—Passive Congestion and Chloroform , , ; , 
Poisoning ereatly delayed, probably due to the impaired circulation, 
ols 1g. . . 

Autopsy showed characteristic passive congestion of the liver 





ble X. Dog 12-44.—Passive CONGESTION AND CIILOROFORM. with some central atrophy and connective tissue reaction. 
a ieucnumepaispnaaases eae en eee ; ne HEMATOGENOUS IcreRUS AND ErneR ANASTHESIA, 
“"" | Feces. Urine. Ascites = Dog 12-1.—Fox terrier, female; weight 14% Ibs. 
April 22. 12 m., dog is normal. Phthalein 0.1 gm. intraven 
werot.| Perot. | Peres Pounds \ or ously. 5 p. m., urine contais no phthalein. 
) ena Cava | rlia 
ly oeelud'd above April 23. Feces rather abundant. Phthalein 38 per cent 
Or 2 PR sone ; April 25. Phthalein 0.1 gm. given by stomach tube, 
0 _ Reece itic April 26. Feces abundant. Phthalein 60 per cent. 
ee , - or. Rs age m9 - June 3. 11 a. m., ether anuwsthesia for 45 minutes. At the 
moved freq’ ntl end of this time phthalein 0.1 gm. given intravenously. 5 p. m., 
"100 3 eC sin EE catheterized urine contains no phthalein 
aes <--sgae t ae hd June 4. No feces; and dog vomits purgatives. 
0 1v 1} ' ee 6 Ascitic fluid 500 ce. June 5. Feces are abundant Phthalein 30 per cent It is 
ee probable that this slight decrease below normal can be explained 
; 100 . eg “s ascitic fluid 800 cc by the delay in purgation, which renders the amount extracted 
) - 100 13 Faint 17} rather uncertain, because of possible absorption. 
trace. 


June 17. 12.30 p. m., dog is quite well; weight 15% lbs. Intra- 
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venous injection of hemoglobin solution from normal dog. Nor 


mal washed red blood cells (85 ce.) were laked with 100 ce. 


distilled water and given intravenously 2.30 p. m., dog vomits 
profusely and appears somewhat intoxicated }.30 p. m., second 
‘avenous injection of hemoglobin solution exactly as at 12.50, 
th i amount being used. This was followed by an injection 
ha nolg followed by 100 ce. of 0.9 per cent salt solu 
ne obtained at this time by catheter was a deep blood 
red ol Bile pigments positive (Huppert's test) 
June . 10 a. m., urine was soiled with vomitus and feces, 
and owed traces only of phthalein Soft feces and vomitus 
thale ") per nt ll. a. m., urine (catheterized ) 
t emoglobin and bile with considerable albumin. Phthal 
hu Abundant fece Phthalein 10 per cent Total phthal 
10] nt 
Dog good condition; weight 16 Ibs Sacrificed and 
AY Thorax and heart are normal Lungs show 
gra lu rzanizing pneumonia (parasites). Liver ap 
pears | mal in every way in gross. Bile can be easily squeezed 
ough bile papilla into the duodenum and the bile passages 
and gall bladder are quite normal. Microscopical section shows 
I ibnor lity Other viscera normal 
0 } strates tw , . |: ' 
} i ~ Csla Goes oft ' ( ( ( 
[ Chit I ( is ist cise W or l 
i! ~ ~ W \ l \ ( Lite I CCTOSIS IS ( ect 
| ( esia covers the time usually employed 
3 € r t} er and gives control « 
this ( s t travenous injection « L solutie if 
or Ld uls to hematogenous icterus and | ing 
J LLC does tl thu e the out t 
t sa to urry this eXtra load w 
out Gg SILTIS ( mpatred eficie as lar as etion 
‘ T ~ ) i ‘ 
ANEMIA AND HEMATOGENOUS TcTERUS 
2-o8.—Small fox terrier, female; weight 14% Ibs 
Apr Ss ep. 0 L nO. gy ntravenously oS 
ul ontains no phthalein 
Api 1! Feces are abundant Phthalein yj) per cent 
May 12. Dog is normal; weight 16 lbs. Phenylhydrazine (1 per 


cent solution) 4 ce. given subcutaneously. 
Phenylhydrazine 5 ce. subcutaneously Hemoglobin 
(Sahli) 90-95 per cent 

igh colored Bile pigments negative 


Phenylhydrazine 10 ec. subcutaneously 


May 15. Phenylhydrazine 10 ce. subcutaneously Urine is high 
colored ut negatiy r bile pigments 

May lt Phenylhydrazine 10 ce. subcutaneously Urine con 
1lns Ut! es ol l 

May Urine contains large amounts of bile and is very 
dark. Dog appears rather sick; weight 14 lbs. 5 p. m., phthalein 

ym. intravenously 
May 18. Dog shows slight icterus tint in skin. Urine of night 


contains very faint traces of phthalein 


Hemoglobin 44 per cent. 
May 19 10 a. m., abundant feces but the extraction was very 


difficult and accurate rea Phthalein 30 


ling was impossible. 


May 20. Bile present in urine. Dog appears rather sick. 


May 22 Dog is improving; hemoglobin 46 per cent; weight 
13 Ibs. 12 m., phthalein 0.1 gm. intravenously > p. m., urine con- 


tains traces of phthalein 


[No. 273 


May 


May 24. 10 a. m., more feces 


20 Abundant feces. Phthalein 35 to 41 per cent. 
Phthalein 2 per cent. 
May 28 Dog appears normal. Hemoglobin 67 per cent. 
Phenylhydrazine (1 per cent solution) 10 ce. subcutaneously. 


May 29 to June 4. Phenylhydrazine 10 cc. subcutaneously given 
each day 
Urine is free from bile. 


June 5. Hemoglobin 27 per cent 


and very high colored; weight 14% Ibs. 12 m., phathalein 0.1 
gm. intravenously 50 p. m., urine contains no bile and a defi- 
nite trace of phthalein. Phenylhydrazine given subcutaneously 
June 6 Abundant feces. Pihthaiein 40 per cent. 
June 8. Phenylhydrazine 10 cc. given subcutaneously; weight 
13% Ibs 

June 9 Dog is active veight 4 Ibs Hemoglobin 25 per 
cent. 12.30 p. m., phihalein 6.1 gm. intravenously. 4 p. m., 
urine contains traces of phthalein and gives positive tests for 
bile pigments 

June 10 Abundant fluid feces. Pithalein 55 per cent. Urine 


contains Dile pigments 


ravie XI Dog 12-58 ANEMIA AND I[CTERUS. 
Hk ) = 
dit £ Rem 
Po i 
\ ‘ Norm 
Ma ti Phenvlhyvdrazin 
laily M ( 
I i Bile irine 
, Dela rurgat 
I t Bile i 
rine 


ANEMIA AND HEeEMATOGENOUS ICTERUS. 


Dog 12-129 Brindle bull dog, female; weight 2814 lbs. 
May 28 Hemoglobin (Sahli) 98 per cent. 5 p. m., phthalein 
0.2 gm, intravenously 


May 29 Urine contains faint traces of phthalein. 3 p. m., 
abundant feces. Phthalein }5 per cent 

May 29-30. Phenylhydrazine (10 cc. of a 1 per cent solution) 
subcutaneously 

June 2 Phenylhydrazine 15 ce. subcutaneously 

June 5. Hemoglobin #0 per cent. Phenylhydrazine (15 cc.) 
subcutaneously 

June 4. Phenylhydrazine (15 ce.) subcutaneously; weight 2414 
lbs. 

June 5. Hemoglobin 40 per cent. 15 ce. phenylhydrazine sub- 
cutaneously 12 m., 


24 Ibs. 


June 6. Abundant feces. 


phthalein 0.2 gm, intravenously; weight 


Phthalein 41 per cent. 

June 8 Dog is rather weak and pale; weight 22 Ibs. Phenyl- 
hydrazine 15 ce. subcutaneously 

June % Dog is very pale. Hemaglobin 15 per cent. Blood 
taken directly from vein and read in four volumes. 12 m., phthal- 
ein 0.2 gm. intravenously t p. m., urine contains bile pigments. 
No albumin. Phthalein 0.1 per cent 

June 10. Night urine contains traces of phthalein and con- 
siderable bile pigments. Abundant fluid feces. Phthalein 39 
per cent 
16 


June Dog has lost a great deal of weight and is not eating 


well Hemoglobin 50 per cent; weight 17% Ibs. 
June 17. 11 a.m., phathalein 0.2 gm. intravenously. 4 p. m., 


urine contains faint traces of phthalein. 
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June 18. Abundant feces. Phthalein 36-38 per cent. 
une 19. More feces. Phthalein 10 per cent. 


ine 23. Dog is improving; weight 19% lbs. 


TABLE XIT. Dog 12-129.—ANEMIA AND ICTERUS. 


i l Phthaleir 
n Bore ' Liver injury. Hemo = Remat 
- globir 
Feces. Urin = 
P P t Per l nds 
H Prac a 18 8 Normal 
Anemia t j rh Ihve 1 
laily May » te 
Ju S 
) 4] ° seee i 
) : Icterus. ‘ Bile plus in urine 
3u + lo Dog pale and weak. 
UU ) hmaciation. 
si see : Delay in excret’n 
= oe eee , Dog improving 


Che two preceding experiments (Dogs 12-58 and 12-129) 
performed to throw some light on the question of hema- 
renous icterus and liver function. In these two experiments 
1c blood was destroyed in vivo by means of phenylhydrazine 
n daily. The destruction must have been considerable, 
is the hemoglobin dropped from 98 per cent to 15 per cent 
ind icterus was evident, with bile pigments abundantly pres 
1 the urine; yet the phthalein output in the feces re- 
ned at a normal level. A very slight fall in the second 
ise could not have been recognized without an accurate nor 
mal base line, and we may assume that hematogenous icterus 
a considerable degree does not impair liver function, as 
pressed by phthalein excretion, 
Che question of anemia may be considered at this point, 
ind it may be concluded that a secondary anemia of moderate 


severity will not influence liver activity. 


OBSTRUCTIVE ICTERUS. 


Dog 12-1388.—Young brindle bull, female; weight 24% Ibs. 
June 9. 12 m., phthalein 0.2 gm. intravenously 4.30 p. m., 
rine contains very faint traces of phthalein. 

June 10. Abundant fluid feces. Phthalein 44 per cent. 


June 16, Ether anesthesia and operation with ligation of com- 
on bile duct. 

June 17. Dog is in a good condition. Urine contains much bile 
pigment. 10 a.m., phthalein 0.2 gm. intravenously; weight 214 
lbs. 12 m., urine by catheter contains bile pigments and phthal- 
ein 4% per cent. 

June 18. Night urine contains phthalein ™% per cent 
lcterus is evident in the sclere. The dog is lively and hungry. 
June 19. Condition the same. Night urine contains phthalein 
per cent +. Bile is very abundant. 
June 20. Soft clay feces. Phthalein 0. Urine contains much 
bile, no albumin and definite traces of phthalein. 12 m., urine 
by catheter contains no phthalein. Icterus seems to be less in- 
ense. Phthalein 0.2 gm, intravenously. 

June 21. Night urine contains considerable phthalein. 9.30 
a. m., fresh urine contains phthalein 0.8 per cent. 10 a. m., 
irine by catheter contains bile and phthalein 0.3 per cent. 11 
a. m., soft pasty feces contain traces of phthalein and obviously 
the duct is cutting through and establishing the outflow from the 
iver, 

June 22. Feces abundant. Phthalein 12 per cent. 12 m., urine 
by catheter contains only faint traces of bile and no phthalein. 


Icterus has disappeared. 
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Dog is hungry and appears normal; weight 22% 


June 2: 
lbs. Urine by catheter is free from bile and shows a faint cloud 
of albumin. Feces contain phthalein 2-5 per cent. 12.30 p. m., 
phthalein 0.2 gm. intravenously. 3 p. m., urine contains phthalein 
0.4 per cent. 4 p. m., urine contains only traces of phthalein. 

June 24. Abundant feces. Phthalein 60-62 per cent 
June 25. Urine and feces contain no phthalein. 


July 22. 10 a. m., dog normal; weight 22% lbs. Phthalein 0.2 


gm, intravenously 5.00 p. m., urine by catheter Phthalein 
present in traces. Bile pigments absent. 
July 23. Abundant fluid feces. Phthalcin 39 per cent 
Tanre XIII Dog 12-138.—Orstrructive Icrert 
Phthal- Phthal xcrete ~ 
Date ell i \ I r\ 7 N I 
give 7) 
rece { = 
/ t., Per I 
i ) ) i i Normal 
( l ‘ Bil 
) ) Bile 
“a 
. ) seeees a we 
Senete, |. -€. lenccudllckacsceslawasos Bil hrougl 
res Caen WY ae eee Bil 





The preceding experiment (Dog 12-138), as well as the fol- 
owlnyg one (Dog 12-90), vives clear evidence that acute ob 
structive icterus caused by closing the common bile duct is as 
sociated with actual injury of the liver parenchyma. Other test» 
of liver function support this view. It will be seen that the 
phthalein escapes in the urine in obstructive icterus, but not m 
hematogenous icterus to any extent. This experiment shows 
very nicely how simple ligation of the common bile duct will 
cause obstruction for only about five days. The ligature cuts 
through and lies in thé duct wall, but the ducts above may 1 
main dilated and scar tissue formation may cause partial stric 
ture (see below Dog 12-90), The abnormally high phthalein 
output following the last injection indicates a patent duct and 


probably a sweeping out of stagnant bile containing some 


phthalein of the previous injection. 


OBSTRUCTIVE ICTERUS AND PHENYLILYDRAZINE POISONIN 


Dog 12-90.—Small mongrel, male; weight 11 Ibs. 
April 6. Ether anesthesia. Operation and litigation of con 
mon bile duct. 

April 7-9. Bile is present in the urine 

April 10. Dog seems normal. There is no icterus and bile duct 


is probably cutting through. p. m., phthalein 0.1 gm. intra- 


venously; weight 11 lbs. 9% p. m., urine contains phthalein 0 


per cent. 


April 11. Urine contains faint traces of phthalein. Feces are 
abundant and fluid. Phthalein 43 per cent. 

April 14. Phenylhydrazine sulphate 6.1 gm. given subcutan 
eously. 


April 15. Dog appears rather sick; weight 10 Ibs Ll p. m., 
phthalein 0.1 gm. intravenously. Phenylhydrazine 0.1 gm. given 
subcutaneously. 5 p. m., urine soiled with a little vomitus. Phthal- 
ein 1% per cent. 

April 16. No feces. Urine plus vomitus phthalein, 4 per cent. 
t p. m., small amount of feces. Phthalein present in traces, 1 to 2 
per cent 
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April 17, Jaundice is evident in skin. Dog is quite dull 
One soft stool. Phthalein present in mere traces. 

April 18 Dog is somewhat better; weight 8% Ibs. Urine is 
rich in bile pigments and contains a trace of albumin. 2 p. m., 
phthalein 0.1 gm. intravenously. 4 p. m., urine contains traces of 
phthalein and much bile pigment 

April 19. Urine contains abundant phthalein, 2 per cent. One 
fluid stool Phthalein 8 per cent 

April 22. Urine contains no bile and no albumin. Dog is much 
better: weight 9 Ibs 12 m., Phthalein 0.1 gm. intravenously. 
5 p. m., urine contains phthalein, 2 per cent 

April 23. Abundant feces. Phthalein 35 per cent. 

May 13 Dog is in good condition and weighs 11% Ibs. Sac 
rificed Autopsy at once. Organs are normal except liver and bile 
passages. There are old adhesions around the bile duct between 
the duodenum and liver at the site of operation. Bile and hepatic 


ducts are dilated to about double normal size with definite stric 


ture at the site of ligatures on the common duct. These ligatures 
have cut through and are situated in the wall of the duct, a part 
J 


of the ligatures protruding into the lumen of the duct, which is 


narrowed at this place. The ligatures are crusted with salts 
and occlude the lumen in part, but a part of the obstruction is 
due to the narrowing effected by the new-formed scar tissue. The 
liver is practically normal in gross. Microscopical section shows 
practically normal parenchyma except for an occasional fat drop- 
let in a liver cell. The portal tissues in places show a little in- 
crease in stroma and wandering cells. It is possible that with 
this narrowed duct the phenylhydrazine poisoning by the produc- 
tion of inspissated bile may have caused temporary complete 
obstruction, and that the great drop in output may have been due 


} 


to this instead of profound liver injury. 


Taste XIV Dog 12-90.—OpssTRUCTIVE ICTERUS AND PHENYLUYDRA- 


ZINE POISONING. 


Da ‘ R 
give Feces 3 
I Per / 
\ I $ B gu 
Bile i 
1 , ; i whens t 
( th uh 
: Phe lhydra 
J ) cs Dog is sick 
i { r 
Tra Bi + i 
S . Traces s S 
2 ) Dog is recovering 
Bile 0 in urine 
May Sacri- .. ees 11} | Moderate stricture of 


bile duct; no icte 


The autopsy findings in the preceding case (Dog 12-90) 
are of especial interest and suggest transient periods of com- 
plete obstruction associated with a narrowed common duct and 
inspissated bile due to liver injury (phenylhydrazine). The 
last injection of phthalein gave interesting information. The 
dog had no bile in the urine and seemed normal, yet the phthal- 
ein of the feces was below normal and the urine contained 2 
per cent. This of itself spoke for liver injury and impairment 


which was shown by the autopsy. 


ALEURONAT IN Porta VEIN. 
Dog 12-77 Fox terrier, male; weight 15 Ibs. 


April 18. 2. p. m., phthalein 0.1 gm. intravenously. 5 p. m., 


urine contains no phthalein. 
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April 19. Abundant feces. Phthalein 39 per cent. 

May 21. Dog in perfect condition; weight 16% Ibs. Ether 
anesthesia and operation with injection into portal vein of a 
1 per cent suspension of aleuronat, made up with starch solution 
and sterilized. 5 cc. of this solution injected slowly in portal 
vein. 

May 22 
quite ill. 6 p. m., urine contains phthalein, % per cent :-. 

May 23. Feces are abundant. Phthalein 41-45 per cent. Urine 
contains no albumin, no phthalein, but small amounts of bile 


12 m., phthalein 0.1 gm. intravenously. Dog looks 


pigments. 

May 24. 10 a. m., urine contains no albumin, and no bile pig 
ments. Intravenous injection ™ cc. of 24-hour broth culture of 
B. coli. 

May 28. Dog is active as usual; weight 16 Ibs. 5 p. m., phtha- 


lein 0.1 gm, intravenously 

May 29. Urine contains no phthalein. Feces abundant. Phth- 
alein 45 per cent. 

June 4. Dog sacrificed in another experiment. Liver is prac- 
tically normal in gross. Microscopical sections give no positive 
evidence of changes in the neighborhood of the portal structures, 
but it is very likely thai repair following this relatively trivial 
injury would go on with such rapidity as to restore structures 
completely to normal within a period of two weeks. 


Liver INgurY By CAUTERY. 


Dog 12-60.—White bull-dog, female; weight 22 Ibs. 

April 1. 1 p. m., dog is quite normal. Phthalein 0.2 gm. intra- 
venously. 4 p. m., urine is very abundant and contains faint 
traces of phthalein. 

April 2. 2 p. m., abundant feces. Phthalein 50-55 per cent. 

June 4. Dog is in excellent condition; weight 23% lbs. Ether 
anesthesia with laparotomy and exposure of liver. Three lobes 
of the liver were cauterized deeply, using a large iron cautery. 
The necrosis was fairly extensive. After the operation, given 4 
grain of morphia. 

June 5. 12 m., dog appears in good condition. Phthalein 0.2 
gm. intravenously. 3 p. m., urine by catheter contains phthalein, 
0.5 per cent. 5 p. m., urine contains phthalein, 0.1-0.2 per cent. 

June 6. Abundant fluid feces. Phthalein 33-35 per cent. 

June 12 m., dog in good condition; weight 22% lbs. Phthal- 
ein 0.2 gm. intravenously. 2.30 p. m., urine contains much phthal- 


-] 


ein, 1-2 per cent. Bile pigments are present. 8.30 p. m., urine 
contains phthalein, 1-2 per cent +. 

June 8. 11a. m., urine by catheter contains no phthalein, and 
small amounts of bile pigments. No feces obtained. 

June 9. 10 a.m., abundant fluid feces. Phthalein 40 per cent. 
3 p. m., more feces. Phthalein 0. 

June 10. 4 p. m., dog appears normal; weight 22% lbs. Phthal- 
ein 0.2 gm, intravenously. 

June 11. No feces obtained. 

June 12. Abundant fluid feces. Phthalein 48-52 per cent. 


TasBLe XV. Dog 12-60.—LiverR CAUTERY. 


Phthal Phthalein excreted. = 
Date ein Liver injurs 7 Remarks. 
iver 7 
a Feces Urine = 
Per cent. Per cent Pounds, 
Apr. 1 200 5 Faint = | .ccccccecss ; 22 Normal. 
trace 
Dane 4 sccasece cancenes| OCamtery jawenen Deep cauterization of 
three lobes, 
) 200 , Of seccessecccese 233 
7 - 20 4 2+ re 22} Bile in urine. 
10 200 224 Dog well. 























NovEMBER, 1913.] 


LiIvER INJURY By CAUTERY. 


Dog 12-137.—Small fox terrier, female; weight 13 Ibs. 
June 2, 12 m., ether anesthesia and operation. Liver lobes 
urnt with actual cautery, three lobes being seared deeply. At 
e end of the operation phthalein 0.15 gm. intravenously. 5 
m., urine contained traces of phthalein. 
lune 3. No feces. 
June 4. Feces abundant. Phthalein 15 per cent. 12 m., phthal- 
1 0.1 gm, intravenously; weight 11% Ibs. 3 p. m., urine by cath- 
r contained definite amounts of phthalein, giving a cherry-red 
lution on adding hydroxide. 5 p. m., urine by catheter con- 
iined phthalein. 
June 5. Abundant feces. Phthalein 48 per cent. 
une 6. Blood stained feces with some vomitus. Phthalein 
1 ent, 
June 25. Dog sacrificed. Heart, lungs, spleen and kidney and 
stinal tract normal. Dense adhesions about the liver, par- 
cularly over the areas which were cauterized. There is a defi- 
cavity containing thick, shreddy, digested material, together 
vith bits of necrotic liver parenchyma, whose wall is made up 
lense granulation tissue measuring 3 or 4 mm. in thickness. 
This occupies a portion of one liver lobe. In places there has 
n marked constriction with distortion of the neighboring 
maarenchyma. The liver lobules in general outside of the area 
njury are normal, except for some central fatty degenera- 
tion. Microscopical section shows the wall of granulation tissue 
nade out in gross. The liver lobules in association with this 
tissue are somewhat distorted, but the portal tissue is not 
markedly thickened. The lobules in general show a moderate 
grade of central fatty degeneration and leucocytes are fairly num- 
erous in the capillaries. This change is more marked close to 
the liver sears. It is evident that a considerable amount of liver 
parenchyma had been destroyed by this procedure and replaced 
n part by inflammatory tissue, in which can be seen embedded 
the hyaline masses of necrotic parenchyma. A slight grade of 
bacterial infection is probably superposed, indicated by a consid- 
erable number of polymorphonuclear leucocytes. In places the 
dead liver tissue acts as a foreign body, causing the formation of 
yneytial masses of giant cells. 
Che three preceding experiments (Dogs 12-77, 60 and 137) 
istrate a type of direct liver injury which is not due to any 
ig or poison capable of influencing the condition of other 
vans ; for example, the kidneys. The injection of aleuronat 
) the portal vein will cause liver necrosis and we may imag- 
ne this process to have taken place in the first experiment. 
(he phthalein output in the feces was not influenced by this 
minor liver injury, but phthalein appears in the urine, and it 
is impossible to attribute this to any kidney injury or to any 
process except actual liver injury. 
\ctual cauterization of the liver gives a massive destruction 
liver parenchyma, such as might result in amebic abscess 
of the liver or extensive metastatic involvement in tumor 
growth. This procedure gives a definite fall in phthalein 
output in the feces and phthalein appears in the urine as a 
result of parenchyma injury. 


PHTHALEIN IN URINE DEPENDENT UPON LIVER INJURY. 
Dog 12-117.—Mongrel male, adult; weight 17% Ibs. 
May 16. 3 p. m., chloroform anaesthesia 2 hours. 
May 17. 9 a. m., urine contains bile pigments. Phthalein 0.2 
gm. intravenously. 10 a. m., urine, 30 cc., contains faint traces 
of phthalein. 10.30 a. m., urine, 50 ce., contains phthalein 0.3 
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per cent. 11 a. m., urine, 10 cc., contains phthalein, 0.4 per cent. 
11.30 a. m., dog was transfused directly into Dog 12-118. Then 
perfused with normal salt solution and these washings after 
removal of red blood cells and defibrination given also to Dog 
12-118. These washings contain 2 mgs. of phthalein estimated 
from a fraction of the material. 

Autopsy performed at once. All the tissue gave a bright red 
reaction with sodium hydroxide, indicating large amounts of 
phthalein. The contents of the intestine, washed out carefully, 
are rich in bile, but contain not a trace of phthalein, indicat- 
ing a delay in excretion. Bile in gall bladder contained no 
phthalein. The mucosa of the gall bladder after washing gave a 
very deep pink color with sodium hydroxide, showing the presence 
of phthalein in the blood vessels of the mucosa. Liver shows little 
change in gross except conspicuous lobulations and increase in 
size. Under the microscope early liver necrosis is quite obvious, 
involving about three-fourths of every liver lobule. The liver was 
removed and ground up with sand with the formation of a uni- 
form emulsion. To this was added a solution containing 200 mgs. 
of phthalein, and normal salt was added sufficient to make a fairly 
uniform paste. This mixture was allowed to stand in a water 
bath at 38° to 40° C. for three hours, used in Dog 12-119. 


Dog 12-118.—Mongrel, male; weight 14 lbs. Ether anesthesia 
and bleeding from femoral artery (225 cc.). Immediately after 
this bleeding direct transfusion from Dog 12-117 was done, using 
femoral artery to femoral vein. After the transfusion 300 ce. 
of the serum washings (Dog 12-117) were given intravenously 
by gravity. 12.25 p. m., urine by catheter. Phthalein 0. 4.20 
p. m, urine by catheter. Phthalein positive. Definite rose red 
color on adding sodium hydroxide. 6 p. m., urine contains faint 
traces of phthalein. 

May 18. Feces abundant. Phthalein 0. This dog received 
only a few milligrams of phthalein by means of this transfusion, 
as shown by the feces, which contain no demonstrable phthalein, 
yet the phthalein had been so changed as to escape through the 


kidney filter. 


Dog 12-119.—Active fox terrier, female; weight 13%4 lbs. Intra- 
venous injection of liver emulsion from Dog 12-117. The ground 
up liver mash plus 0.2 gm. phthalein incubated at 38-40° C. for 
three hours was made faintly alkaline with sodium hydroxide 
and squeezed through a cloth, centrifuged and filtered through 
cotton. 145 ce. of this thick, viscid filtrate given intravenously 
very slowly. The phthalein contained in this amount equaled 
.029 gm. 4 p. m., intravenous injection started. 5 p. m., injection 
completed. 4.45 p. m., urine by catheter contained hemoglobin, 
which was removed by boiling and filtering. The clear amber 
filtrate on the addition of hydroxide showed a definite phthalein 
red color. Dog died during the night. Autopsy showed little of 
interest. The intestinal contents contained a few milligrams 
of phthalein, which could not be read accurately. 


Dog 12-133.—Mongrel, female; weight 13% Ibs. 

May 29. 3 p. m., chloroform anaesthesia 2 hours. 

May 30. 10 a. m., pkthalein 0.2 gm. intravenously. 11 a. m., 
Ether anesthesia and bleeding from femoral. Blood defibrinated 
and clear amber serum obtained by centrifugalization. The dog 
was perfused with 1 litre of 0.9 salt. The washings collected and 
treated as the whole blood. First fraction yielded 200 cc. of clear 
amber serum, second fraction (washings) yielded 500 cc. pale 
serum. Both fractions given intravenously in Dog 12-134. 
Autopsy performed at once (Dog 12-133). Organs are normal ex- 
cept the liver, which shows an early necrosis involving about 
one-half of each liver lobule. Urine in bladder contains phthal- 
ein, 1 per cent. 





Dog 12-134 
May 30. 1p. m., intravenous injection of blood serum obtained 


Fox terrier, female; weight 12 Ibs. 


from Dog 12-133. This blood-phthalein mixture had circulated in 


contact with injured liver tissue for one hour. 2.15 p. m., urine 
in a clean cage contained traces of albumin. 2.45 p. m., urine 
by catheter 30 cc. Phthalein definite rose red with sodium hy- 
droxide 
May 31. 


the amount of phthalein introduced intravenously in this dog 


Feces collected. Phthalein 3 per cent indicating that 


did not exceed 20 milligrams and probably not much over 10 mil- 
ligrams 


The preceding group of experiments (Dogs 12-117 and 
12-133) give the final proof that injured liver cells modify 
the phthalein in the blood stream so that the drug appears 
in the urine in appreciable amounts, which does not occur with 


a normal liver. Circulation of phthalein for one hour in 


contact with an injured liver (chloroform) is followed by the 
appearance of phthalein in this dog’s urine, but most impor- 


tant of all this blood phthalein mixture when given to a 


normal dog intravenously is followed by the appearance of 


phthalein in the normal dog’s urine. This rules out any sec 
ondary effect of the liver poison upon the kidney. 


DISCUSSION. 


The normal output of phenoltetrachlorphthalein in’ the 


feces of dogs is remarkably constant. From a study of the 
tables above it will be found that the normal feces output 
rarely falls below 40 per cent and rarely exceeds 50 per cent— 
‘the usual normal being about 45 per cent. It will be seen 
that the individual normal variation is even less, and by 
careful work it is easy to fix the normal base line of any 
given dog with considerable accuracy. This enables one to 
make careful study of small fluctuations in phthalein output 
and this will be of interest in many forms of experimental 
work with hepatie function. 

The drop in phthalein output appears to run parallel to the 
amount of parenchyma injury. Following a short chloroform 
anesthesia or the injection of small doses of hydrazine or 
phosphorous there is a small drop in phthalein output, while 
after a grave injury or one sufficient to cause death the phthal- 
ein curve falls to zero. The mechanism of liver repair is fa- 
miliar( Whipple and Sperry)‘ and with this repair the phthal- 
ein output returns to normal. In some instances following liver 
repair the output may rise above normal (Dog 12-53), as has 
been reported in earlier work with blood fibrinogen (Whipple 
and Hurwitz). This may speak for a period of hyperactivity 
of these newly formed liver cells. After a trifling injury to 
the liver ( e. g., a small dose of phosphorous) there may be a 
period of hypersecretion of phthalein, and we may imagine 
the drug acting as an irritant to the secreting parenchyma 
a stage perhaps preceding that of actual cell injury or necrosis. 

Passive congestion, when of moderate degree, will cause 
little impairment of function and show a normal output, but 
during periods of marked circulatory embarrassment the liver 
will not be able to function properly and the output drops. 


The Eck fistula liver may present a normal output or show 
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considerable impairment and this variation will parallel the 
general condition of the animal. The explanation of this 
variation in dogs with Eck fistule is not clear, in that we do 


not understand the causation of the liver degeneration which 


is usually present in such animals dying with symptoms of 


intoxication. It is well to bear in mind how much change in 
the hepatic circulation can be effected without impairing the 
dog’s health or influencing the phthalein curve. 


] ] 1 


Destruction of the liver parenchyma by the actual cautery 


will cause a prompt drop in phthalein output, and it is prob- 
able that the presence of this injured tissue and the inflam- 
matory reaction more than the actual loss of parenchyma is 
responsible for the drop in the curve. 


This experiment simu- 


abs ess or even meta 


lates in a wav the human cases of amebt 


static tumor growth liver, which are associated with 


considerable parenchyma destruction. 

Delay in phthalein excretion can be demonstrated following 
acute liver injury, but can be of little value in work with the 
feces. In experiments where the dogs are sacrificed a few 
hours after chloroform injury and phthalein injection, it will 
be found that the bile is free from phthalein or contains but 
traces, Whereas it is known that normally the drug appears in 


the bile within fifteen to thi 


- 
f 


The urine contains no phthalein or at most a 


race (faint 
rose red with alkali) following injection of the amounts of 
phthalein employed in normal dogs. After acute liver injury 
of any type (chloroform, phosphorous, aleuronat, cautery) 
the urine collected in the first six hours will contain 0.2 to 8.0 
per cent. It seems that the injured liver cells modify the 
phthalein so that it can pass the kidney filter; moreover, so 
that it can escape into the ascitic fluid of a dog with passive 
congestion. This is not due to any kidney injury, as would 
be indicated by the liver cautery experiments, but is proved 
conclusively by the transfusion of blood containing phthalein 
from a dog with liver injury into a normal animal. In spite 
of the minimal amount of phthalein received by the normal 
dog, the urine shows its escape through the kidney. 
Obstructive icterus of any considerable degree makes this 
test of little value. It will give some evidence of the amount 
of acute liver injury which may be present, depending upon 
the amount of the drug escaping in the urine. Some of the 
drug will be stored in the bile, but the greater part will be 
changed to some non recognizable form which cannot be recov- 
ered from the body. Hematogenous icterus and anemia of 
considerable severity do not modify phthalein excretion by the 
liver. 


offer more d 


Chronie liver injury wil lifliculties of interpre- 


tation, for we cannot expect to diagnose liver sears by means 
of any test unless the scars are of sulticient size and number 
to impair its functional activity. A cirrhotie liver like a dis- 
eased heart may have periods of normal activity, when it is 
quite capable of carrying on its normal work. The reserve 
force of an organ is always considerable and after an injury 


has healed, even perhaps leaving considerable sear tissue, the 


parenchyma may be able to function properly and sufficiently 
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bodily needs. Under such circumstances one cannot 


ind too much from any functional test, as the drug excre- 


may be normal, even though the liver be working close to 


mit capac ity and be liable to a period of broken compe n- 


at any moment. There is a great need of accumulated 


clinical and anatomical 
li ] Attention 


liver lesion. 


earing on these points, careful 
of cases with various types of 
limited to one test, but all forms of liver tests 
] ] ] 


be empioved and 
I A 


} ] 
t not be 


compared with the clinical and ana- 


the study of derangements of 


Chis test promises much i 
patic parenchyma, physiological and anatomical. Its 
that 


value Is 


; av mva ec miitatinvo raluee a 
It may give some quanivlative values con- 
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cerning liver injury, and for this reason, with accumulated ex- 


perience, may be of value to the clinician. It surely will be of 


considerable value in various ¢ xperimental studies concerned 


with liver function and impairment. We hope to report fur- 
ther work along these lines in the near future. 
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A TEST FOR HEPATIC INJURY: BLOOD LIPASE. 


By G. H. Wutpete, M. D. 


From the Hunterian Laboratory of Experimental Pathology. The Johns Hopkins University, Baltimore 
L { I 


irk with this ferment lipase was first started in this lab- 


y in connection with a study of acute hemorrhagic pan- 
tis. It was hoped that the ferment 


might appear in 


urine after experimental pancreatitis and be of diagnostic 


Hewlett ‘ had noted the appearance of this ferment in 


urine of animals with acute pancreatitis, and Opie * had 


orded its presence in a human case. It was thought that 


‘at necroses which constant in this disease wer 


are so 
luced by this ferment and that it might escape in the urine 
ler these conditions. 

that small 


\ routine study of dogs’ urine convinced us 


amounts of lipase (.05 to .20 cc.) were present at times nor- 


ally. It was also found that after acute pancreatitis had 
produced by the injection of bile into the duct or other- 


-¢, lipase did appear in the urine promptly. The lipase 


sometimes rose as high as 0.50-.60 ee. in the first hour 
ter the operation, with a rapid fall to .10 ce. or even zero 


six hours. Small amounts of lipase sometimes persisted in 


he urine for a day or so after the operation, but this seemed 
ar no relation to the extent of pancreatic injury. 


was soon found that lipase appeared in the urine whether 


pancreas was injured or not, and it became apparent that 


nwvsthesia was the sole cause for the sudden appearance 


‘this ferment in the urine. Ether or chloroform will cause 


urine, but it is to be kept in mind that 


r causes no rise in blood lipase, as it causes no liver ne 


s. Chloroform, as is noted below, causes a marked and 


The 


od and urine lipase are in no way parallel, as lipase appears 


I liver injury. 


pt rise in blood lipase associated with 

the urine, especially during the first six hours after anws- 

sia, While the plasma lipase reaches its maximum in 6-12 

We 

iliar with the reports of other workers who have studied 
} 


‘ lipase in the blood, but they have come to no very definite 


} 
mcrusions, 


are 


rs and remains high for two days or longer. 


Some workers claim that lipase is absent from 


blood serum, but they are in the minority.* Bauer’ describes 


small fluctuations in serum lipase in cases of tuberculosis, 
cancer and syphilis, but gives no careful anatomical study. 
Von Hess* finds the serum lipase to be uninfluenced by pan- 
creatic extirpation, peritonitis, hyperthyroidism, thyroidec- 
tomy and ether anesthesia. Serum lipase is not activated by 


bile salts, 
In the experiments ta ited below very little detail is noted, 


hut the lipase content is recorded in some of the experiments 
reported in full in a preceding communication (Whipple, 


Peightal and Clark). 


METHOD. 
The method (Loevenhart) for d termining lipase in any of the 
Four tubes are prepared, 
diluted with 4 cc 


body fluids may be outlined as follows 


each containing 1 cc. plasma, serum, etc., dis- 


tilled 


and 0.3 ce. 
added .26 ce. ethyl butyrate, the other two serving as controls. 
The tubes are all corked, shaken and incubated at 28° C. for 18 
They are cooled in ice water, three drops of azolitmin 


water toluol added. To two of the tubes is 


to 24 hours. 
added as an indicator and titrated in pairs to a neutral reaction, 


using 1-10 normal acid and alkali. The two control tubes give 
the serum alkalinity to this indicator as about 0.1 cc. 1-10 nor- 


The butyrate tubes give the amount of acid production 
neutral point, and the sum represents the total acid 
This 


free by 


mal acid. 


above the 


represents the amount of 
the 


acid 


production or lipolytic activity 
butyric acid which has been set ferment, and it is 


estimated always in term of 1-10 normal This may be 


spoken of as the blood lipase, serum or plasma, as the case may 
be 

It will be found that there is little difference between the plasma 
and serum lipase, the latter being a little higher because of the 
The blood from 
the cogs from a vein life. 


Many of the specimens of human blood were obtained during life 


dilution of the plasma by the oxalate obtained 


was almost always removed during 


* A general presentation of the work done upon the ferment 
lipase will be found in the Handbuch der Biochemie, Oppenheimer, 


1909. 





and often shortly after death before the blood had clotted. Blood 
from the autopsy cases was usually drawn directly into oxalate 


by a trocar in the heart 
TABLE I Liver Necrosis IN Dogs—CuLoOROFORM ANESTHESIA 
" Ika j 
a OR Bm Bo + tajen Remar 
Co-9 35 35) .10-.10 2 25 ‘ Normal. 
Co-9 a 4) 10 10 BO 1) SO minutes. (Chloroform 2 hrs. 
Co-9 1.70-1.50! . 0 O1L.70-1.50 14 hrs. Do, 
So 30 33) .10—-.15! .20 20 ‘ Pregnant. 
So RD 10. 10-.10 25 30 End of anaes ( hloroform 2 hrs 
thesia. 
98 30 25) .10-.10 .20 im .. as Normal. 
oS So) 3} .10-.10 25 25 End of anaes- Chloroform 2 lrs. 
thesia.... 
98 80— .85) .10-.10| .70—- .75 3 hra... Do. 
OS 95-1.00 .10-.100 85 oO 5 hrs.. Do. 
C-19 35-— .40) .05-.10 .30 30... : Normal. 
C-—19 12 1) .10-.10) 32 30) End of anaes- Chloroform2? hrs. 
| thesia. 
C-19 1.60-1 10 10-.101.50-1.30 54 hrs. Do. 
C-19 1.50-1.55] .10-.101.40-1.45 24 hrs. Do. 
C-19 1.45-1.45] .10-.101.35-1.35 2 days. Do. 
C-19 1.05-1.05] .15-.10) .90 95 4 davs.... Do. 
C-9 30 05 te Normal. 
C-9 60-— .65) .10-.10) .50 55 2hrs. .. Chloroform 2 lirs. 
C-9 (1.65 1.80) .15 .10 1.50-1.70 2 days....... Do. 
B-13 1.50-1.80) .10-.101.40-1.70 2 days.... Do. 
B-13 | .35 40] 10-.15) .25 25 8 days. Chloroform 2 hrs. 
( omplete rep’r. 
12-48 1.10-1.40} .10-.101.00-1.30 2 days.. .. Chloroform 1j{ hrs. 
12-48 .70-— .60) .10-.10 .60— .50 24 hrs.. .. Chloroform 1 hr. 
12-78 1.10—1.45] .10—-.101.00-1.35 24 hrs...... Chloroform 2 hrs. 
12-141 .55- .80] .15-.15 .40- .65 4 day Sirowee Do. 
( Bit of liver re- 
12-141) .40- .50] .10-.10 .30- .40 5 days..... | moved on 2d 
1]-14) .30- .30} .10-.10 .20- .20 6 days*.. } Gey. & lshule 


| shows hyaline 
necrosis. 
*Repair com 
plete. 


Table I vives a sufficient number of observations to show 
the plasma lipase reaction following a chloroform anwsthesia, 
which is known to produce a uniform central hyaline liver 
necrosis involving from two-fifths to three-fifths of each liver 
lobule. The lipase content rises rapidly after the end of anws- 
thesia, reaching a maximum in six to twelve hours and remain- 
ing pretty constant and uniformly elevated until the end of 
forty-eight hours, when a fall begins and returns to normal 
on the sixth day or a little later. This parallels the process 
of repair which goes on so rapidly in the liver during the week 
following chloroform injury. It will be seen that a shorter 
narcosis will cause a smaller rise in lipase (see Dog 12-45) 
when the experiments are done upon the same animal to ex- 
clude any individual variations. It is of importance that the 
individual variations are but slight. We may conclude that 
in general a high lipase indicates considerable liver necrosis 
and lesser amounts of necrosis will be associated with minor 
rises in plasma lipase. It is probable that some other factors 
may influence this reaction, and these will be discussed later. 

Chart I shows in a diagrammatic way the combined observa 
tions of Table I. When the chloroform poisoning is fatal, 
leading to death on the third or sixth day, the lipase curve 


usually remains high as on the second day, but it may fall 


somewhat as in phosphorous poisoning. (See Chart If1.) 
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Cuart I.—PLasMaA Lipase Curve, Liver INJURY, CHLOROFORM. 
Parte Il.—PuHospHorovus AND HYDRAZINE POISONING IN Does 

No oun ' ‘ie ity — " a ~ ey | Remarks. 
| 

12-88 1.55-1.20 .10-.101.45-1.10, 24 hrs | Phosphorous sub- 

cutaneously. 

12-88 .70- .60 .10-.10 .60- .50, 3 days... ...| Phosphorous sub- 
|  cutaneously. 

12-88 .75- .70 .10-.10 .65- .60 6days, death.| Phosphorous liver 
|} necrosisand fat. 

12-82. .70- .80 .10-.10 .60- .70) 2 days. | Phosphorous; 
| death 7th day. 

12-80 85- .75 .10-.10 .75- .65 6days,death.|; Phosphorous 
| liver. 

12-82. .20- .20 .10-.10 .10- .10 2-3 days .| Hydrazine sul- 
phate, 2 small 
doses. 

12-87; .63- .65 .10-.10 .55- .55 2 days, death.| Hydrazine sul- 
| phate, lethal 

dose. Periphie- 

ral liver necro- 

sis and fat. 
Tasie I1I.—Eck Fistruta 1n Dogs. 

No ae. — - re hag se +a ne Remarks. 

iZ- 2 40—- .40 .10-.10 .30- .30 5 months.... Eck fistula. 

tl .30- .25 .10-.10 .20- .15 13 months... Do. 

12-51 1.40- .90 .10-.101.30- .80 24 hrs....... Eck fistula plus 


chloroform 2 
hrs. # liver lo- 
bule hyaline ne- 
crosis. 

C-89 40- .35 .10-.10 .30- .25 . " ...| Slight icterus. 

C-89 1.70-1.60 .05-.101.65-1.50 6} hrs.,death. Eck fistula plus 
hepatic artery 
ligation. 

C-95 20 25) .10-.10' .10- .15 : . Normal. 

C-95 1.60-1.65 .10-.101.50-1.55 54 hrs.death. Eck fistula plus 
hepatic artery 
ligation. 


Table IL shows the lipase reaction following phosphorous 
and hydrazine poisoning. After phosphorous has been given 
in oil subcutaneously the maximum rise of the lipase curve is 
found after twenty-four hours, when it closely parallels the 
chloroform curve. On the following days, even in fatal cases, 
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lipase falls to about one-half its highest level, but still re- 
ns well above normal until death. It is well known that 
f cell necrosis is very 


hloroform poisoning the amount ¢ 


h greater than in phosphorous poisoning. The former 
son attacks the nuclei of the liver cells, causing hyaline 
rosis, and the latter injures the protoplasm, causing much 
degeneration, but scattered liver cells show hyaline 
rosis. This difference in amount of actual cell necrosis 
explain some of the points of difference in the lipase 
lable ILI shows the plasma lipase of dogs with Eck fistulz 
arious duration. Shortly after operation an Eck fistula 
+ may show a very high plasma lipase and such dogs may 
vy advanced liver degeneration, but rarely actual necrosis. 
.en the fistula has been present for many months the lipase 
ds to return to normal, but may still show periods of ele- 
tion. The reaction to chloroform poisoning is identical 
th that of a normal dog. When an Eck fistula has been 
rformed and the hepatic artery, with all its branches, ligated 
e dog will always die in 5-7 hours with characteristic symp- 
toms. Under such conditions a very little blood can trickle 
through the liver by means of collaterals, but not sufficient to 
seep the cells alive, and they show evidences of autolysis at the 
d of the experiment. This small stream of blood which 
bathes these dying liver cells returns to the general circulation 
and is responsible for the great rise in plasma lipase found at 
the end of such experiments. Here, as elsewhere, the rise of 
blood lipase is associated with dead or injured liver cells in 
contact with the blood stream. In this instance the liver cells 
have been killed not by any poison, but by lack of blood. 


TABLE [V.—OBSTRUCTIVE ICTERUS AND ACUTE HEMORRITAGIC 
PANCREATITIS IN Dogs. 


Acid Alka- Butyric |Period following » - 
Ne Remarks. 
production.| lhunity. acidity. liver injury 
C-3 45-.55 | .10-.10| .35-.45 | 7 days...... Bile duct ligated. 
36 .30-.35 |. 0-.05) .30-.30 | Sdays....... Bile duct liga 


tion; rupture & 
peritonitis. 
B42 | .40-.35 | .05-.05 .35-.30 | 14 days... Do. 

B-3 |1.20-.95 | .10-.10,1.10—-.85 | 8 days... Bile duct ligated ; 
cholangitis; hy- 
aline liver ne- 
crosses. 


s—4 .30-.35 | .10-.10 .20-.25 | 24 hrs. Closed duodenal 
loop. 
S-12 | .25-.20 | .10-.10 .15-.10 | 48 hrs. Closed duodenal 


loop; intoxica- 
tion; corre- 
sponds to acute 
intestinal ob- 
struction. 


b-] .20-.20 | .10-.10 .10-.10 | 2 days. Acute hemorrhag 
ic pancreatitis. 
B-5 .30-.30 10-.10 .20-.20 | 2 days. Acute hemorrhag 





ic pancreatitis. 


Table LV indicates the small rise in lipase which is associated 
with acute obstructive jaundice. Even when the bile duct 
ruptures with escape of bile into the peritoneal cavity witi 
developing secondary peritonitis, the lipase shows but little 
rise above normal. However, if there is a cholangitis, with 
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hyaline necroses and liver injury, the lipase shows a great rise 
above normal, very much as in chloroform liver necrosis. 
Acute hemorrhagic pancreatitis with profound injury and 
necrosis of the parenchyma shows a normal plasma lipase. As 
reported in a recent article on Hemorrhagic Pancreatitis 
(Whipple and Goodpasture)’ the peritoneal exudate contains 
the same amount of lipase as does the plasma, except in the 
last stages of a fatal case, where it may be assumed that the 
processes of exudation and neutralization are at a standstill. 
Closed duodenal loops in dogs cause acute intoxication and 
death, which is identical with or very similar to the intoxica- 
tion and death of acute intestinal obstruction. Under such 


circumstances the lipase of the blood is quite normal. 


TABLE V.—EcLAMPSIA AND TOX-EMIAS OF PREGNANCY. 


No | od Alka Butyric Autopsy Clinical Remorke 
linity rcidity liver lhugnosis. : 
tion. 

3672....] 1.85-1.60) .10-, 10 75-1.50 Massive Eclampsia Serum 
portal 
necroses 

3672....] 1.80-1.70) .10-.10) 1.70-1.60 .... do ole lo Plasma 

3883. .85-1.15) .10-.15 75-1.00 ... lo ' March 3, convul 

sions 

3883....] 1.10-1.40) .10-.10) 1.00-1.30 Many : do March 4, death. 
portal 
necroses 

ee .45-.50 05-.08 40-.45 Portal cece GBee Death 8 hrs. after 
necroses. first convulsion. 

3963.... 25-.25 | .10-.10 PED beccncncnen siveoe GPs ...-| July 11, convul 

sions. 

3063.... -20-.15 | .10-.05; .10-.10 Very few ....do. ees July 13, death. 
portal 
necroses, 

5442....] 1.30-1.25) .20-.20| 1.10-1.05.... pecaeens Gh esenee Antepartum. Re 


covery !6th day 
5465.... .60-, 50 10-.10) .50-.40 eevee ve0n GBicectoes Antepartum. Re- 
covery 21st day 





5477....] .20-.20 .07-.05) .48-.15 : sisoes OS Intrapartum. Re- 
covery 2d day 
5224.... -W-.55 10-.15)  .40-.40 : 000 GBececesce Postpartum. 
5358.... 20-.20  .10-.10) .10-.10 ° sseleees Gilecacesees Antepartum. 
Chronic 
nephritis. 
312 30-30 10—. 10 20-20 Preeclamptic No convulsions. 
toxaemia. Recovery 2 
weeks 
B05... 30-.30 | .10-,10 20-.20 . Eclampsia (?).| Convulsions, ep 
ilepsy 
5867.... 35-.35 15-.25 I-20 Eclampsia (?).| Chronic nephritis, 
final diagnosir. 
5981.... 30-.30 1G-.15 20—.15 Eclampsia (?).| Chronic nephritis, 
| Nal diagnosis, 
oo 25-.30 | .10-.10| .15-.20 Fatty de- roxaemia,. 
| genera- 
| tion. 
3667....| 30-.30 > .10-. 14 0-20 Marked Vomiting of 
| fatty de pregnancs 
genera- 
| tion. 


Table V is of particular interest, as it deals with eclampsia 
and various toxewmias of pregnancy. It may be admitted that 
at present there is a certain degree of confusion in this group 
of interesting diseases. Eclampsia is variously defined, but we 
wish to limit the term to that particular intoxication usually 
associated with convulsions, which presents characteristic 
hemorrhagic portal liver necroses. If this point is insisted 
upon, the diagnosis can never be absolutely certain unless death 
supervenes and a complete autopsy reveals the characteristic 
lesion. 

The first four cases in the table were clinically typical 
eclampsias and the first two showed a very high blood lipase 
associated with a marked grade of portal hyaline necrosis. 
The third case shows a definite rise in lipase above normal, and 
liver necrosis was less marked. The fourth case shows a nor- 
mal lipase and autopsy showed only a very few small portal 
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SIS AND IcTERUS IN HuMAN CASEs. 





No ica ny 
tom 
Ma {i toxaemi 
- ct 
Slig ‘ Pas t mes 
| oO 
Simos. Tumor head of 
minereas 


Operation 


( Cancer heud of 
pancreas 
(ine itier 
( t s Liver necrosi 
Ne ellu 
iction 
s Ga tones 


vith either of the above we may 
in lipase, but this is not invariable. 
disease of the liver affects in some 
necrosis and injury which in the 
rings about the over-production or 
3754) with long-standing icterus, 


aline central necrosis and normal 


at although the necrosis obviously 


ur hours, there had not been 


eestion which in most 
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quite a number of diseases with 


It is of interest that diabetes with defi- 


‘mal lipase. Nephritis, acute and 


1 in the lipase. Various types of 


isease where we may assume considerable disintegration 


nal marrow activity, show normal 


tions show a normal lipase except 


ntoxication has caused more or less liver 
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TABLE IX.—INFECTIONS. 





Alka Butyric \utopsy Clinical R 
P in cidity liver diagnosis pair 
10-.05  Parenchy r'ypho No liver necroses. 
matous. 
Slight Lobar pneu Plasma. 
tatty «le monla 
genera 
tion. 
Slight . do Serum. 
fatt le 
eeucra 
tion 
{ ’ roxaemia 
y Liver tu liliar 
bercles ulosis 
Y ) Caseous . Pulmonar 
liver tu culosis. 
bercles 
2 0-.15 Normal. ° Sarcomatosis 
20-20 ) 19-05 coneeenwe Norma ‘0 years, 
274 
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dogs. Blood lipase in normal persons or animals is remark- 
ably constant. It may be stated with considerable certainty 
that liver necrosis, however produced, in a liver previously 
normal, causes a characteristic rise in blood lipase from 0.2 
ee. to 1.2 cc. or even higher—a rise of five to eight times nor 
mal. This rise reaches its maxinium after twelve to twenty 
four hours and may remain at this level for twenty-four hours 
or longer in fatal cases. The curve of blood lipase then fall 
slowly to normal on the sixth or eighth day with repair of the 
injured parenchyma. Small liver injuries with necrosis cause 
less marked rise in lipase and more prompt return to normal. 
Very trivial liver injuries even with a little true hyaline 
necrosis may not give a recognizable rise in lipase. Poisons 


like chloroform which produce hyaline liver necrosis give a 


uk 54 64. 
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Crart II. 


hart II shows in a diagrammatic way the various changes in 
thalein, fibrinogen and lipase which follow a chloroform 


wsthesia. Anesthesia for two hours will cause a central 


ilin liver necrosis involving two-fifths to three-fifths of every 
‘lobule. During the process of repair there is a gradual 


rn to normal and the fibrinogen curve may go far above 


rmal (Whipple and Hurwitz).° 


hart III shows in the same way the reaction following a 
il liver injury by chloroform or phosphorous. Death may 
ervene on the third to the sixth day. The lipase curve 
reach a considerably higher level and the fibrinogen con- 


1t may fall to zero ; the curves represent the average findings. 


GENERAL DISCUSSION. 


The preceding tabulated observations are quite uniform in 
» human cases as well as in the experiments performed on 


higher and more prolonged rise in lipase than other poisons 
like phosphorous or hydrazine, which cause less true hyaline 
necrosis and much more fatty degeneration. 

Liver necrosis which has been caused by acute intoxication 
or infection gives a lipase reaction identical with chloroform 
injury. The liver of fatal chloroform poisoning is very like 
that of acute yellow atrophy, and it is certain that in the 
latter instance the blood lipase will be found to be much above 
normal. ‘The liver necroses associated with eclampsia, leu- 
kemia, pneumonia, septicemia, etc., all give a constant reac- 
tion in blood lipase, depending somewhat upon the extent of 
the necrosis. 

From a study of Table VII it will be noted that this blood 
lipase reaction to liver injury may not be normal in chronic 


icterus or advanced cirrhosis. So, too, it will be found that at 
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pected eclampsia showed normal lipase and subsequently 





times the normal sequence of autolysis of the dead hyaline cells 
ind of inflammatory cellular reaction does not proceed under proved to be chronic nephritis, vomiting of pregnancy with 
these conditions. Icterus of long standing may be associated fatty liver, epilepsy, ete. 

Finally, it may be stated that a study of the lipase of the 


with normal lipase, but at its onset may cause a slight rise 
blood will show a definite rise above normal in practically all 


above normal. Cholangitis which is associated with paren- 
chyma injury will show a rise of lipase far above normal cases of eclampsia, liver injury with necrosis due to poisons, 
(Table IV). intoxications or infections, acute yellow atrophy, cholangiti 

Profound changes in blood supply of the liver (Keck fistula, and abscess of liver with considerable destruction of liver 
tissue. Cirrhosis of the liver may show a subnormal lipase; it 


or Kek fistula with hepatie artery ligation) will bring about 


ell degeneration or even cell death in the latter case and cause may react to liver injury by a rise in blood lipase, but this 


lipase. point will require more study. 


rise nm hlood 
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